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MATEMATHKA 


M. JI. APTIOXOB 


OB OJHOM METOJIE CYETA LWEJIbBIX TOUEK B n-MEPHbIX 
MHOPOrPAHHHKAX 


(IIpedcmasaeno axademuxom H. M. Bunoepadosoim 1 VII 1957) 


Byfem mpenoJiaraTb, 4uTO B A-MepHOM eBKJIMAOBOM NpocTpaHcTBe 3ajlaHa 
“TIpAMOyroJIbHad WeKapTOBa CHCTeMa KOOPAHHAT, ONMpeseAOUlad n-MepHyt10 
'KyOnyecky10 WlesloToueuHyio pelleTky. CoorHeceM kaxKJOH TOUKE pellleTKM YHCIIO 
€MHHy, Ha3BaB erO TOJHBM BECOM Leno TOUKH. Kaxzyw 
M3 2 MOJIYNPAMBIX, BbIXOAAWMX U3 WesOM TOUKM MapasewbHO TOM HIM MHOL 
M3 KOOPJHHATHBIX OCel, Ha30BeEM A YUOM (HIM OLHOMeEPHHM pac 
npoctpavHeHuem) 9TOH TOUKM MH cooTHecem emy 1/2n nomHoro Beca 
camoh TouKH. Kaxkypi u3 2(n—l) NonapHo MpoTHBONOMOXKHBIX JBYMePHbIX 
| KBaJ{paHTOB, BbIXOMAMMX U3 Jy4a MapaswieIbHO TOM WIM MHOW U3 KOOpAMHaT- 
HbIX JBYMePHbIX MIOCKOCTeH, Ha30BeM ABYMeEPHBIM pacnpocTpa- 
HeHHe™M Jy4a MU cooTHecem emy 1|/2(n—l1) Beca, OTBeUAatolero syUy, T. e. 
| 1/4n(n—-1) nosHoro Beca camo TouKH. Kaabii u3 2(n—2) TpexMepHbIX OKTaH- 
'-TOB, BbIXOAAULMX H3 JBYMepHOrO pacMpocTpaHeHHA MapasietbHO TOH WI 
HHO H3 TpeXMePHbIX KOOPAMHATHHIX MIOCKOCTeH, Ha30BeM. TP € XMePH BEM 
-pacipoctTpavHeHHuemM ByMepHoro pacnpocrpaHeHuA, cooTHOCA emy 
1 /8n(n—1)(n—2) nowHoro Beca UMCXOAHOH WelOH TOUKH, HW T. J., Tak UTO 
k-mepHomy pacmpoctpaHeunio (k—1)-mMepHoro pacnpocrpaHeHua OyeT OTBEUATh 
1 / 2'n(n—1)...(n—k-+1) nonmHoro Beca WaHHOH wWesloH TOUKH. SaMeTHM, Y4TO y 
BcaKorO (n—2)-MepHoro pacipocrpaHeHua OyyT MMeTbCcA uerTbipe (n—l1)- 
MePHbIX PaciipocTpaHeHHA, a y (N—1)-MepHoro pacipocrpaHeHHA Ba (IpsAMo- 
IIPOTHBOMOJIOXKHBIX) fl-MePHbIX PaCMpocTpaHeHHA, WH Ha MOMO KaxKJoro U3 
nocweqHux coorHecetca | /2%n! nomHOrO Beca UCXOAHON WesIOH TOUKH. 

Umea B paccMaTpHBaeMOM IIpocTpaHCTBe HeKOTOPHIM N-MepHbI MHOrorpaH- 
HHK, YCJIOBHMCA Ha3bIBaTh KAPKACOM MHOLrOrpaHHHU Ka COBO- 
KYMHOCTb TOYeK pelleTKH, HaXOJAMMXCA Kak CTporo BHYTPpH MHOrorpaHHuka 
(KOTOpbIM, 4TOObI He YCJIOXKHATh NOHATHA «BHYTPH», OyeM C¥YHTaTb HecaMo- 
MlepeceKaloulMMCA), TAK H Ha ero MepHdepuu, T. €. B EO Pa3sJIMYHOMEPHBIX rpa- 
HAX, BKJOUaA OJHOMepHble (peOpa) HM HYJIbMepHble (BepumMHb!). Karmkou BHyT- 
peHHeli TOUKe KapKaca COOTHECeM ee MOJIHbIM Bec — eMHMMY, a NOJIHbIN Bec 
KaxkOH ero nepudepHHHOH TOUKH pacuJIeHHM Ha «BHYTPeHHHH» IO OTHOLLeHHIO 
K JlaHHOMY MHOFOrpaHHHKy BeC VM «BHeLIHMH»>, H BCAKOM TaKOH TOUKe Kak TOY- 
Ke KapkKaca OyjleM COOTHOCHTb ee BHYTPeHHHL Bec. ITO OyAeT AeMaTeea CeLyt0- 
MLMM O6pa3om. 

Ecuu wenad Touka HaxoquTCH B «HacTOAUeH» (M0 TepMHHOJIOrHH 
A. Jl. Anexcangposa) BepumHe P mMHororpaHHuka, T. e. B TOUKE CXO*KeHHA 
(n—1)-MepHbIX TpaHeli B KOJM¥eCTBe He MeHbIIeM, YeM fl, TO: 

1) Hao BbItCHUTh, CKOJIbKO ye BbIXOUT u3 P cTporo BHYTPb MHOrO- 
rpaHHHKa HM COOTHECTH KaxKOMy U3 HUX ApoOb 1|/2n, T. e. MOuliO BHYTpeHHero 
Beca TouKH P, oTBeualoulyio TaKOMy JIYUy. 

2) Halo BbItCHUTb, CKObKO Jy4el BbIXOWUT u3 P cTporo BHYTpb (n—1)- 
MePHbIX TpaHeiH MHOrorpaHHuka, CxoAsmutuxca B P. Kaxomy H3 HX Halo 
Oyler cooTHecTu Wpo6p 1 /4n, pyKOBOACTBY ACH CleAyIOuLuMu coo6paxkeHHAMH. 
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Crporo BHYTpb MHOrorpaHHuKa H3 Takoro Aya OyeT HCXOMMTb KaKOe-TO HHCIO F 
k (re o6n3aTenbHo 1l<k<n—1) ABYMepHbIxX paclipocTpaHeHHH Jyya, a B CaMOH. 
rpauu ocraHetca 2(n—k—1) JBYMepHBIX pacmpocTpaHeHHuu (ocTaJIbHble k pac- | 
mpoctpaHeHul OyyT MO OTHOLIeHMio K MHOrOorpaHHuky cTporo BHeIIHHMH). ! 
TpexMepHble pacipocrpaHeHuA JIBYMePHbIX PaCcIIpocTpaHeHHH, HaXOMAMNXCA | 
B CaMOi rpaHH, paccMaTpHBaeMble BMeCTe CO BCeMH CBOHMHM MOCJIe2YIOUMMH If 
paciipocTpaHeHHAMH, HOPOBHY MOeATCA MexK],y BHYTPCHHOCTbIO H BHEIIHOCTHIO } 
MHOrorpaHHuka (NOMOBHHa H3 HUX OyeT BbIXOAUTb CTPOrO BHYTPb, a NOJO- tf 
BUHa — CTporo Hapy2xy MHOrorpaHHuKa), Tak TO, eC CiO%KUTb Apoou, , 
OTBeYaIOLWe CTPOrMM BHYTPbBXO*KJCHHAM B MHOTOrPaHHUMK Pa3sJIHYHbIX NOCJE= tf 
JOBATEJIbHbIX PaCcIpocTpaHeHHH, HayMHaA C ee *f sone n-MepHBIMH, } 

PN m= NGG. oe 1 
ini ee 2 4n(n—1) eh en oe oyAeta 
JOA BHYTpeHHero Beca TOUKH P, OTBeUalOUlad KaxKJOMy TakoMy Jly4y. i 

3) Hpu n—2>m>1 sayuaM, BblxoqauMM M3 P CTporo BHYTPb m-MepHBIx 
rpaheli, yxKe Hesb34 COOTHeECTH MOXOOHOM MOCTOAHHOM JIA JaHHOTO m Apoou { 
(ecIM He CUMTaTb TaKHX MHOTOrpaHHHKOB YaCTHOrO Bua, KaK MPAMOYFOJIbHEIE 
napalenenunelb C peOpamMu, MapasieubHbIMH KOOpAMHAaTHbIM ocaM). Ilostomy 
3eCb MofcueT JOM BHYTPpeHHero Beca TOUKH P Halo BeCTH OTJeEIbHO AIA Kark- 
nol m-MepHoi rpaHu, B KOTOPy!0 CTporo BbIXOAAT HeKOTOpble yun TouKU P. 
IIpu SsTOM HalO PYKOBOACTBOBATLCA CJeMYIOMIMMH CBOHCTBaMH pacipocTpaHe- 
Hui. Bo-nepBbix, CTporoe BbIHYTPbBxXOweHHe Jy4a WH MOPORKAeHHIX HM T10- | 
cleyIoulu4X pacmpocTpaHeHHi B m-MepHy!O TpaHb MUCKJIOYaeT BOSMOXKHOCTH © 
HX CTPOroro BHYTPbBXOKAeCHHA B TpaHH BbILe M-ro H3MepeHHA MW BXOXKJeCHUA 
BooOule B rpaHH HW2Ke m-ro U3MepeHHA, a TakxKe B Apyrve m—MepHble rpaHu. 
Bo-BTOpbIx, e€CJIM TO HIM HHOe pacipocTpaHeHue BbIXOANT (U3 NOpoxarowlero 
ero paciipocTpaHeHusv) CTporo BHYTPb HeEKOTOPOH rpaHu, TO OHO TyTeM pa3- 
BeTBJICHHH MO MOpowKaeMbIM MM CaMHM MOCJeyIOULuM pacipocrpaHeHHvAm 
JOXOANT (eCIM He HeMocpejcCTBeHHO, TO Uepes TpaHH BbICLUHX H3MepeHHH, CXxO- 
AlHecH B JaHHOH rpaHH) MO TaKUX pacMpocTpaHeHUH, KOTOPble OOA3aTeIbHO 
BbIXOLAT JHOO CTporo BHYTPb, MH60 cTporo HapyxXy camMoro MHOrorpaHHHka. 
VHaye roBopx, He MOxeT ObITb TakOrO paciipocTpaHeHuA, KOTOpOe, CTporo 
BOH]A B HEKOTOPy10 paHb, He BBILLIIO Obl H3 Hee MOJIHOCTbIO Yepe3 CBO NoOcwe- 
Wyroullwe pacipocTpaHeHusA: YacTbIO — CTPOrO BHYTPb, a OCTaJIbHOM YacTbIo — 
cTporo HapyxXy MHororpaHHuka. SHaUuHT, NOACUHTHIBAA OIO BHYTpeHHero 
Beca WeJlOH BePIWIMHbI, OTBCYAIONLYIO OTIeIbHOMY ee JIYUY, BOIWeTWIeMy CTporo — 
BHYTPb HeKOTOPOH rpaHH, Hao MpocelMTb 3a BCe€MH BbIXOJaMH Jy4a yepes 
ero HOCJeNOBAaTeJIbHbIe PacipocTrpaHeHHA CTporo BHYTPpb MHOTorpaHHHKa H 
KaxKJOMY TaKOMY BbIXOJy COOTHECTH J pOOb, OTBeUAaIOULYIO H3MePeHHIO BbIXOISA- 
mero pacipocrpaHeHuaA (BbIXOy k-MepHoro pacnpocTpaHeHHA COOTHOCHTCA 
1/2?n(n—1)...(n—R-+1), tlocne vero 3TH ApoOH cO*KUTD. 

4) Haligennple no yKa3aHHbIM Bm. 1), 2) H 3) npaBunamM JouM BHYTpeHHero 
Beca TOUKH P, OTBeyalolMe BCeM ce JY4aM, Hao NpocymMuposarb. IlonyyenHoe 
B pesyJIbTaTe UHMCIO HM OyeT Ha3bIBAaTbCA BH YTPeCHHUM BeCOM Leso# 
TOUKH P Kak TOUKH, NpHHaliexamleH Kapkacy MHOrorpaHHuka. 

TakuM Ke OOPas0M MOXKHO BHIYHCAATh HM BHeEWHHH Bec TOUKH P, Halina Bce 
pacnpocTpaHeHHA PasJIMUHbIX H3MepeHHH, NOPORTeHHbIe ITOM TOUKOM H BbIXO- 
AdutM@e crporo Hapysky MHOrorpaHHuka. HerpyHO ycMoTpeTb, uTO CyMMa 
BHYTpeHHero WM BHeLIHerO BeCa BCHKOU MeO BepIIMHbI OyZeT paBHa NOHOMY 
ee BeCy, T. €. eRMHUIe. 

Uro kacaerca nmepudepHiHbIx TOUeK KapKaca, He HaXOMAUMXCA B HacTos- 
{MX BepllWHaX MHOrorpaHHHka, TO HX BCerfa MOXKHO pacCMaTPUBaTb Kak 
HeHaCTOAMIMe erO BEPINHHbI H MOACUMTHIBATh HX BHYTPeHHUM Bec Mo cymlecTBy 
COBeEPUICHHO TaK %Ke, KaK UW WIA HaCTOAWMX. OTMeTHM, YTO IPH STOM JIA Leno 
TOUKH, CTporo NpHHajiexkateh (n—1)-mepHoli rpaHH MHOrorpaHHuka, BHYTpeH- 
Hui ee Bec (TaK Ke, KaK MH BHEWIHHH) OyeT Bcerfa pape !/,. JIA WembIx ToueK, 
NpHHawekallux TpaHAM HwxKe vem (N—1)-ro H3MepeHHA, TaKUX MOCTOAHHDIX 
3HaveHHH BHYTPeHHeroO BeCa TOUKH, KOTOPbIe 3aBHCeIN Obl TOMbKO OT Hu3Mepe- 
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TO IIOJIYUHTCA B KOHCYUHOM CUeCTE 


HM TpaHW, yKa3aTb HeJIb38A, TAK KaK 9TH SHAYCHHA 3aBUCAT elle OT pacmovio- 
2KeHHA TpaHu. 

CyMMy BHyTpeHHHX BecoB BCeX (KaK BHYTPeHHUX, Tak M Mepudepuiinelx) 
TOUeK KapKaCa MHOTOrpaHHUkKa Mbl Oy/leM Ha3bIBaTb BECOM MHOTOTLD)auH- 
HuUKa. HerpyqHo 3akmouuTb, YTO ONpesemeHHOe TAKUM OOpas0M NMOHATHE 
BeCa MHOFOrpaHHHKa ABJIACTCA BEMYMHOM aJIHTHBHOM B TOM CMBICJIe, UTO, eCJIH 
<alreOpaWueckH CYMMMPoOBaTb» Ba MHOPOrpaHHnka (T. e. MH60 Ba MHOrorpaH- 
HMKa, He HMelollive OOUWMX BHYTPeHHUX TOYeK, OObEAMHATS B OHH, HOO OT 
OAHOrO MHOPOrpaHHuka OTCOeAMHATH Apyrok, He MMeIOUIMH BHeWIHUX MO OTHO- 
IW€HHI0 K MepBOMy TOveK), TO HOBbIM MHOFOrpaHHUK OyeT UMeTb Bec, PaBHblli 
COOTBETCTBYIONeH aslreOpanuecKOH CyMMe BeCOB J[aHHbIX JIBYX. 

Hasopem WeTpupywmeh TOUKOM aA n-MepHO pemerKu BCA- 
Kyl0 TOUKY IIpoOcTpaHCcTBa, KOOP MHATbI KOTOPOH TOJbKO Wesble YuCa HM MOVO- 
BHHbI HEUCTHBIX WeJIbIX UHCe. Kanan Takad TOUKa OyeT IeHTPOM CHMMeTpUH 
WIA BCeH pemierKu. Llentpupyroulmx ToueK umeetca n-+1 KaTeropuii a KarxK- 
foro ciocoOa HYMepallwM KOOPAMHAaTHBIX Oceli, HauHHad C TOUeK, Y KOTOPbIX 
BC€ KOOPAHHATHI WeJble, MH KOHYaA TOUKAMHM, Y KOTOPbIX BCe KOOPAMHATbI CYTb 
NOJIOBHHBI HeYeTHBIX uMCce. ByfeM Ha3bIBaTb N-MepHbIil MHOTOrpaHHHK C HI e- 
WHaUbHBIM, CCH OH pacnouOxKeH Tak, ITO BCe efO BEPIIMHbI (HaCTOAIUIHe) 
ABJIAIOTCA ICHTPHPY!IOWMMU TOUKAMM OHO U TOM »%e KaTeropHu (T. e. OHO- 
HM€HHbI€ KOOPJMHAaTbI BCeX eFO HACTOAILAX BePIWHH JIHOO OJHOBPeMeHHO leJIbIe 
yucJIa, JIMOO OJHOBPeMeHHO NOJIOBHHbI HeYeTHbIX UHCe). 

Teopema l. Bcakuti n-mepnoui cneyuaaronoui napaanrenosdp umeem 6ec, 
paenolll e2o0 (n-mepHomy) OOtemy. 

Ilyctb o6bem aHHOrO Mapanuenoszpa V, a Bec Q, u nyctb Q=V-+«. Ham 
HajlO MOKa3aTb, uTO « = (). OOosHauHuM HaMMeHbilee WeOe UHCIO, HE MeHbillee, 
yeM JWIMHa MAaKCHMaJIbHOrO JMaMeTpa Mapawuiesos—pa, uepes d. Tlocrpoum 
n-MepHbIM KyO C OHOMePHbIMH peOpaMH, MapadJeJIbHbIMM KOOPAMHATHBIM 
OCHM, H BepIWHHaMH, HaXOJAWIMMHCA B TeX WeHTPHPYyIOUWMX TOUKAX, BCe KO- 
OpAHHAaTbI KOTOPbIX — NOJIOBHHbI HeveTHbIX 4HCe. OOo3HAUHM JWIMHY peOpa 
Ky6a uepe3 /. Torga o6bem Kya Oye /" u, KaK HETPyHO NOACUNTATH, Bec ero 
Takxe Oyyet 1”. Ky6 aToT nocrpouM Tak, UTOObI WaHHbI NapadelOs1p oKa- 
3aJICA PaCIOJOXReHHbIM BHYTpH KyOa. I]ponsBeem 3allouIHeHve 9sTOrTO KyOa 
MapadeloaipaMu (MOJyuarollMMUCA U3 TaHHOrO NYTeM MapaJJIebHbIX MepeHo- 
COB MH MPHMbIKaloulMMH Apyr K Apyry mo wesbim (n—1)-MepHbIM rpaHsM) Tak, 
YTOOBI BCAKaA BHYTPeCHHAA TOUKa KYyOa OKasa/lacb JIMOO BHYTPpeHHeH TOUKOM 
OWHOFO HU TOMbKO OLHOFO H3 MapadesO21poB, HOO OOmleH MepucbepHuHou Tou- 
KOM CM@XKHbIX MEKLY coo MapasenoI{poB, UM Tak, YTOObI He ObWIO JMIUIHUX 
MapadenosqpoB, WWIAt 3anomHeHuA He TpeOyrouuxca. Tlocrpoum ele Bropok 
KYO, KOHICHTPHYeCKH FOMOTeETHYHHI MepBOoMy H UMeIONHH peOpo Aunb 1+ 2d. 
Bee napaduenosipbl 3anoHeHuA MepBoro KyOa OKaxKyTCA HaXOJAIMMUCA 
cTporo BHyTpu Broporo. Ilycrb uncio NapadlelosqpoB 3anOJIHeHHA PaBHO Pp. 
Ja o6bemos nostydaem HepaBeuctBal*< pV< (/-+-2d)". Tenepb o6paTuM BHUMaHHe 
Ha TO CYIleCTBeEHHOe OOCTOATeIbCTBO, YTO BeCa BCeX MapaseMOS4pOB 3anoJHe- 
HUA KyOa MexkLy coOol paBHEl. B caMom jleve, NapadJebHbI MepeHoc J11060ro 
MHOFOrpaHHuKa, Mp KOTOPOM Kakas-HNOyAb ero BeplluHa MepeHOCHTCA U3 
WeHTPUpyouleH TOUKH B WeHTPHPyloulyIo TOUKY TOW we KaTerOpHu, He MOKeT 
M3MCHHTbh KapKaca MHOFOrpaHHHKa, a CJlefOBaTebHO, He U3MeCHHT UM eFo BeCa. 
B jaHHoM culyyae Tak M GyfeT, NOTOMY YTO MapaseNOsAp 3aaH CielMaJIbHbIH. 
Tlostomy, B CHJIy aWTMBHOCTH Beca, H AIA BeCOB MOJYYHM HepaBeHcTBa 
In<pQ< (l-+2d)". 3 nepapencrs ju19 OObeMOB H BecoB 3ak04aeM, ITO p| Q—V|< 
<2'd"("1; 0 p> 1"/V,cnefopatembuo L |x| <q, Pe —He 3aBUCALAA OT l NOCTOSH- 
Has. SHauuT, «=0(mocKobKy JuinHa / MOxeT ObITb B3ATA CKOJIb YTOLHO OOJbIUON), 
Mw Teopema joKasana. Ilo cymecTBy TeopeMa JOKa3aHa He TOMbKO AIA Mapastie- 
JIOJ,POB KaK BBIMYKJIbIX MHOPOrpaHHMKOB, NOMYMHAIOUIMXCA M3BeCTHBIM Tpe- 
60BaHHAM 3alOJIHeCHHA MpOCcTpaHcTBa, HO M JIA HEBbIMYKJIbIX MHOPOrpaHHHKOB, 
NOJUMHAIOILUXCA TEM 2%Ke TpeOOBaHHAM (MOCKOJIbKY B OKa3aTeJIbCTBE BbIITYK- 


JIOCTh MapaJelosaqpa He HCHOIb3yeTCA). 
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OrnpaBsscb OT Teopembl 1, MOXKHO NOJYYHTb PAL APYrHX pesyJIbTaTOB 
o6ulero HM “acTHOrO XapakKTepoB. OTmMeuy HeKOTOpble H3 HHX. 

Teopema 2. Ecau n-mepxoui cneyuaaronoiti (eoinykaoll) naparrenosdp 
pacce4o roboti (n—1)-mepHott naocKocmor10, Npoxodawel Lepes YeHMp CuUMMeMpLLU 
naparrenocsdpa, HA O6A MHOZ0ePAHHUKA, MO BeC KA#OO20 UZ HUX OYOem paéser 
€20 O00bemY. 

Dro BbITeKaeT H3 TOFO, YTO Y CMellHabHOrO MapaMeltosqpa WeHTp CHMMeT- 
pHU BCerfa OKaxKeTCA WeHTpHpytouleli TOUKOM (He OOA3aTeIbHO TOK 2*e KaTe- 
rOpHU, YTO HM BePLIHHb!), MOITOMY OH OyJeT ABJIATbCA OMHOBPeMeHHO UH WeHTPOM 
CHMMeTpHM Mapaslemo0aqpa H WeHTPOM CHMMeTPHH pellieTKH. CieJoBaTesbHO, 
Weble TOUKH KapKaCOB OGOHX MHOTOrpaHHHKOB MPHBOJATCA BO B3aMMHO-O]HO- 
3HauHOe COOTBeTCTBHe (0 CHMMeTPHH) BMecTe C HX BHYTPCHHHMM BeCaMh, T. e. 
Beca OOOHX MHOrorpaHHHKOB MexKy coOoH paBHbl HM PaBHbI MOJIOBHHE Beca 
camoro napasienoas—qpa. Ho To Ke OTHOCHTCA HM K HX OObeMaM, Tak 4TO TeOopeMa 
cnpaBeJIuBa. 

Has3pipan TakWve MHOrorpaHHHKH OCOObBIMH, H3 aMTHBHOCTH Beca 
u oObeMa cpa3y 3aKOUaeM, UTO HMeeT MECTO CJleflyloulaA Teopema. 

Teopema 3. Bec 6cakoeo -n-mepHoe0 MHO202PAHHUKA, COCMABAEHHOZO 
KANZCOPAUMECKUM CAOCEHUCMY U3 OCOObLX N-MePHbLX MHO2O2PAHHUKOG, PAbEH 20 
oObemMY. 

Hpocreiimumu oco6bimMH MHOrorpaHHHKaMH SABJIAIOTCA CielHaJbHble N- 
MepHble «Mos ynapadesennneyb», T. €. MHOrOrpaHHHKH, MOyuaroulwecsA MmyTeM 
pacceyeHusA CMelwMasIbHoro fl-MepHoro§ Mapasienenuneqa (n—l1)-MepHow m10- 
CKOCTbIO, MpoxofAuleH yepes Kakylo-HHOyb (N—2)-MepHy1o rpaHb Napave- 
Jienunela w ero weHTp. Jia ciyyad ZByMepHoro MpocTpaHcTBa NpocTeHiwHMu 
OCOObIMH MHOTOYTOJIbHHKaMH ABJIAIOTCA BCe CHelMabHble TPeyrOJIbHUKU, TaK 
UTO H COBEPIIeCHHO MpOH3BOJIbHbIM CHelMa/IbHbIM MHOTOYrOJIbHHK OKAa3bIBaeTCA 
HMe1OULMM BeC, PaBHbIM ero MioWlayqH. Orciofa, B YaCTHOCTH, BbITeKaeT JOKa3aH- 
Hand HeaBHO Opxaptom (') TeopeMa O 4HCJIe WesIbIX TOUeK B MHOFOYrOJIbHHKax 
C IleJIbIMM BeplwHHaMH. OpxapT OrpaHHuuBaeTCH HeCaMOMepeceKatoulMMucA 
MHOrOYyrOJIbHHKaMH, TOrla KaK, paciipocTpaHAA BBeeHHOe HaMH 3]leCb NOHA- 
THe BeCa Ha CaMOMepeceKaloulHeCA MHOFOYFOJIbHHKH (Tak 2Ke, KaK 9TO JlesaeTca 
WIA TWIOWaIH), MOXKHO MPHMeHATb MOJYYeHHbIe HaMH MOJIOXKeCHHA MU K TaKHM 
MHOTOYTOJIBHHKaM. 

{na cilydanh TpexXMepHoro MpocTpaHcTBa MpocTeHuIMMH OCOObIMH MHOTO- 
PpaHHHKaMM ABJIAIOTCA BCe CIeMHaIbHble TPeXPpaHHble MPH3Mbl, TaK YTO yrxKe 
B TPpeXMePpHOM MpocTpaHcTBe He BCAKHH CreWWasIbHblli MHOrOrpaHHHK HMeeT 
BeC, PpaBHbIM ero OObemy. JLocTaTOuHbIM ycCJIOBHeM PaBeHCTBa Beca H OObeMa 
MHOTOrpaHHHKa 3]eCb ABJIACTCA BOSMOXKHOCTh NOJYUaTb MHOTOrpaHHUK «avre- 
OpanyecKHM CYMMHMPOBaHHeM» CielMaJIbHbIX TpeXrpaHHbIX MpH3M. Bmecte c TeM 
MO?%KHO YKa3aTb KJlacc (MpaBa, JOBOJIbHO Y3KHH) ChelHabHbIX TeTpasqpos, 
y KOTOPBIX BeC paBeH OObeMy; B OOULEM Ke CJIyuae Bec CMelMaIbHOrO TeTpa- 
3pa He paBeH ero oObemy. Ormeuy elle OHO O606nleHHe TeopempI 1. 

Teopema 4. Ecau y n-mepHoeo napaarrenos0pa oda u3 HaCmoOsIUUX 
BEPULUH NOMELAEMCA 6 COBEPWEHHO NPOUSEOALHOLL MOUKe N-mMePHO2O npocmpan- 
cmea, a Opyeue umefom KoopduUnaMel, OMAUUAaIOWUECA OM COooMBemcmeyT1OLULLX 
KOOpOUKAM IMoOl BePLULUNOl HA LYeAble 4UCAA, MO Bec Napanazenosdpa pase e2o 
OObeMY. 

Teopema 2 Ha 3ToT Oouee OOuHH CyYaH yxXe He pacmpocTpaHuma. 

Camo coOolt pa3yMeeTcs, YTO NpeAMaraeMblii MeTO CueTa WEIbIX TOUeK MO2*KeT 
ObITb MpeBpallleH B COOTBETCTBEHHbIH MeTON CueTa KOJIMUeCTBA IeOUMCeHHbIX 
peleHHH HeKOTOPbIX ClelMaJIbHbIX CHCTEM JIMHeHHbIX HePaBeHCTB C MPOU3BOub- 
HbIM UHCJIOM HeH3BeCTHBIX. 


Tloetynuso 
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MATPUHUHDbIE: IHEMEHTbI HEMPHBOAMMbIX YHUTAPHDIX 
NPEACTABJIEHHA TPYNNbI JBYU)KEHUM MPOCTPAHCTBA 
JIOBAYEBCKOLO WH OBOBLIEHHbIE NMPEOBPA3OBAHHSA 
®OKA — MEJIEPA 


(ITpedcmaeaexno axademuxom B. A. Poxom 9 VII 1957) 


Mnterpasbubie (pOpMy Jbl jis MATPHUHBIX 3JICEMeHTOB HeIMPHBOAMMBIX yHH- 
TapHbIX TipeAcTaBeHHH rpynubl G OHOPOAHbIX JIMHEHHEIX Npeobpasopanuh, 
COXpaHAIOWWAMX KBadpaTHyHylo (Popmy x?-+ x24 ... + 12 — Katy (rpynmb 2BH- 
*eHHH poctpanctBa JloOayepcKoro) OblIM ykKa3aHbl HaMH B pa6ore (}). 

B curyyae, Korga 9TH MpecTaBseHHA peaJH3yIOTCA B MpocTpaucTBe byHKUHi 
Ha ciepe, JlerKO BBIUHCIAIOTCH MATPHYHbIe 3JIEMCHTHI, YOBJeTBOPAIONIHe 
@YHKUHOHAJIbHOMy ypaBHeHnlo f[ (g) = / (gw), rye wo —  anemeHT nosrpynnp Q, 
BpPalleHHA MOAMpOCcTpancTBa Xn4, =O (NpHcoeAHHeHHbIe ciepHyeckue (byHK- 
 iWH). OTH MaTpHUHBIe JJIEMeHTbI HMeIOT BHI 


QPP 1) (—p— a re aside ee 
A ee Ly a Ca gC SAGE = 1) 


rie p= (n—2)/2; w—napamertp, 3aqjaioulni npeyctapsenne; k — napamerp, 
3alaloului auemeHT (k —twesoe uucno). IIpx k=O Mb! louyyaem 30HaJIbHBIe 
ccpepuyeckHe (pyHKIHH, YyOBJeTBOpAIOUMe ypaBHeHHIO =f ()@,) = f(g). 
TludbepentivaibHoe ypaBHeHHe ia 9THX cyHKuwH yKasan M. I. Kpenu 
B padote (7). MurerpambHoe mpescTaBseHHe IPpHBOAHT K COOTHOLIEHHIO 


ct 


Tw 


2, 


% 
~ \ CR (cos 9) (cos sha + cha)? ?*™ sin”? ode = 
0 


ie Vigeae is Poa) par, Pot aie (Clie), (2) 
2?—1e! P (p)P (— pp —k + 3/2 + iv) 2 


rae Ch (cos 9) — MHorouseHb! [erenOayspa. 
Olncnan paccMoTpeHus, CBASaHHbIe C TeopHell NpeAcTaBlewuu rpynn 
{cm., Hanpumep, (*, 4)), IPHBOAAT K CweAyIouleH TeopemMe CJlO2%KeHHA. 


IlyctTb 
cha = cha, cha, + sha, sh % Cos 9». 
Torya 
fos) k—1 
sh Pa PZ, ip (Cha) = ates) YS (o +4) [ etr t+ 
k=0 r=0 
x sh? a, sho? a PoPaen (ch a) Poa (ch #2) Ch (cos ¢). (3) 


U3 dopmyap (3) caeqyer, uTo 


sh ?« P=), ip (cha) Ch (cos ¢) sin’? ode = 


Te | 


k—-1 
_ mW (p+) 1/ \2 2 =o = 
Serr p) II [(p+tr+1/.)? +2] sh “a,sh “%, X 


r=0 
x Piste (ch Oy) Pie (ch Oe). (4) i 


B pa6orax (°, *) 6pwi0 H3yYeHO WHTerpasbHoe rpeoOpasoBaHne, CBA3aHHOe ff 
c dyHkunama P_1),1;, (cha). Tpynnopoii cmpic sToro mpeoOpasoBaHia & 
COCTOHT B pa3/02%KeHHH MpoM3sBosbHOK cbynkunu f(g), gEG, n=2, yNoBse- | 
TBOpsAIOMeH (byHKUHOHaIbHOMy ypaBHeHulo f(g) =f (@g@2), B UWHTerpal no 4g 
3OHAJIbHBIM c(pepHueckum tbyHkuaim. TIpopoya cooTBeTcTBy1ollue paccmoTpe- | 
HHA TPH JOOOM 3HaveHHu 7, TlowydaeM CJeLyIOWMH pesyJIbTar. | 

Teopema 1. JIycme § — npocmpancmeo dynkyuti f (cha), O22 Komopolx 
cxodumca uNmMeepar 


Jf = ||P (cha) P sh? ade, (5) | 
0 
_u KR—npocmpancmeo gynkyutt F (p), Oran KoMOpolx cxoOUmMCA unMeEepar 
C F (u)/?d I 
| F I? = z\ | F (u)| du. (6) 


shalt sh mu TD (p + iv + */2)P (p — ip + 4/2) ° 
Toeda cbopmyavt 


F (vu) = 2 p(p + ip + 2) P (p — iu + Ys) X 


co 


x \ f (cha) PP, sin (cha) sh? Me da; (7) 
f (cha) = she F (p) Poi,4i (ch 2) de (8) 


0 


3adaiom e3saumHo-o6pamHole omobpasxcenua npocmpancme |Q u KR Opye na 
Opyea. pu smom|f |? =| FP, m. e. yKasannoe omob6paxteHua usomempu4nol. 
Popmybi OOpamenua (7) u (8) NpMBOAAT Takx%Ke K COOTHOLMIeHHIO 


4 , : 
——psh ml (p+ ip + 3/2) P (p—in + Yp) x 
x \ P= vin (cha) PP 4 in (cha) shade = 3 (u—2). (9) 
0 
O6o3HayuHM Tellepb yepes Y% MpocrpancrBo dbyxKunH f (cha), AA KOTOPbIX 
CXOQMTCA HHTerpal 


co 


\ f (cha) | sh??**a de. (10) 


i=) 


Hasopem cBepTKOH pByx dynkuul f,(che) u fyg(cha) uz YM byHKunto 
f (cha) = fr fy (cha) = 
Me + 1) 


ae CEST Vi (ch 8) fy (ch ach 8 + sh ash 8 cos @) sin’’¢ sh’? B do dB. 
(11) 


Torga pyHKunnA f,*fo (cha) Takxe NpuHanmexuT Y. 
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Odo6leHHbIM peo6pasopanuem Doxa — Mesepa tpynkunn f (cha) apnaeTca 
VHKUHA 
gs 2°T (p +1) mFi (u) Fo (vs) 
ge ush ruP (p + iu + 1/2) (p—ip + 17s) ’ 4 


roe Fp (u) — o606ulenHoe mpeo6pasoBanne Poxa — Menepa cbynkunn f, (cha), 


> 


Ecam B (bopmyse (4) mpHHaTb 3a wepeMeHHoe uMHTerpHpoBaHHA &% H 
BOCIOJb3OBaTbcH topMysoH (8), TO NOJyyuM, 4TO MHTerpau 


\ushael (p+ e+ Vo + iv)T(p +k +3/.—ip) x 
10) 
x Pie (Choy) Pah, (chm) PaP asin (Cha) dp. - (13) 
paBeH 


PET (p). Ap (= & — ch a1 ch a2\ [ch a —ch (a;—a2)J?—"? [ch (a, + &2)— ch a]? 
T(2p+k) ~* sha,;sha@:) —/ sha, sh?a. sh?a 


> 


| (14) 
| €cJIM | % — | Caca, + %, MW paBeH HYJIO, eCIH 9TO yCJIOBHe He BBI- 
NOJIHEHO. 

OrTMeTHM elle COOTHOMeHHe 


Pps ; 
(cosesha-+-+cha) ? Pt — 


= Sp + A) (p) EE sh Pa PPM, (ch a) CR (cos 9), 
k=0 


Fe Ph Ela F te) 
(15) 
BbITeKalollee H3 PopMyubi (2). 

M13 MaTpuHdHbIxX 9uemMeHTOB (1) NyTeM lpeyesbHOrO nepexofla MoryT ObITb 
NOJYYeHbI ~MaTpPHYHbIe QJIEMeHTbI TpyMNbl ABYKeCHHH eBKJIMJOBa mpocTpaH- 
CTBa, KOTOpble BbIpaxKaloTcA yepes OecceeBbl (yHkuHH. Ilostomy u3 Kax JOH 
(OpMyJIbI, BbIBeJCHHOH B 9TOH paboTe, MOxKeT ObITb MOJyYeHa COOTBeT- 
cTBYIOWaA opMywia fia OecceeBbIx yHkWHH. Mbl XOTHM OTMeTHTb OAHY 
(bopMyJly, CBxA3aHHy!O c OecceveBbIMH (PyHKIMAMH, aHaJIOrHyHyio (bopmy- 
ne (13). Wurerpan 


\ etm (ta) Jm (tb) Jy (tc) tdt, v>m—1, (16) 
0 


rye m—wuesloe yucmo0; a, b, c —BelleCTBeHHbIe UNCa, paBeH HYJIIO, ecJM 
a, b, C He ABMAIOTCH CTOPOHAMH TpeyrouIbHuKa. Ecam xe a, 0, c ABMAAOTCA 
CTOPOHaMH TpeyrosbHuka, a>>b, o—yrou mex~y a u b, )—yron mexyy 


auc, A—mmoulatb TpeyroubHuka, TO 9TOT MHTerpas paBeH 5 Cos (vp—mg). 


BecbMa UHTepecHbie (bopMyJIbl NOJlyyaloTca TPH paccMoTpeHuH pynbl 
acbpHHHbIX mpeoOpasopanHi (n-+ 1)-MepHoro MmpocTpaucTBa, COxpaHAIOWlHx 
HHepunnTHy!o cbopmy (x, — yi)? +... + (*%, — Y,)? — Ana — Ing)” Bole 
YHCJIAA 3O0HAJIbHbIe UH MpHcoeqMHeHHble cbepHyecKkHe (PyHKIMH MO (HeKOMMaKT- 
Holi!) nogrpynme OHOpoAHbIX mpeoOpasoBaHHi, MbI NoJTyyaemM cCwleyIolly1o 
TeOpeMy CJIOMKeHHA: 


V2 \ushpst (p+ip+ Ve) EP (p—iwt Fie) Kia (apie eX 


: aro 
\Pr* le ke 
X PHiepig (ch) dp = = (=A) 'sh’a Kopn (2), (17) 
roe 22 = x? + y? + 2xych«. 


Ucnomb3ya cbopmy.ty o6paujenva (8), HaxOZHM, 4TO 


Kn OO Kin(@)  1/H( Roth pop (cha)shade, (18) 


xP Pr ypt le Py Ns gidarilbs 
0 


C nomoilbio (bopmy.tbr o6panrenua Metepa (*) Nosmyyaem orca, TO 
HHTEr pail 
C-+Lioo 


or \ Teen (R2) Kiley, Poe een (19) 


C—ico 


pape Hysio, ecm ONMx +y<z, u paBeH 


Ve poe in ( ee )\/ ee (exten ah Oe (20). 


2xy (2z)? xyz 
eculH x + oe 
OrmeTuM eure cbopmy.ly 
HY GY 5a Oe 
p. ip. — ; a Ate ek: ee pri 
a = iV =e" Po PHhatin (Che) sh? ade, (21) 
0 


2 


re 2 =x? + y? + 2xycha, Take BbITeKaIOULylO H3 COOOpaxkeHHH TeOpHu f 
mipeqctapyenHi. Psy BecbMa WHTepeCHbIX (POPMYJI, CBA3bIBAIOWWUX CPYHKUHH ~ 
Jlexauapa BTOporo pola, BO3HHKaeT MpH pacCMOTpeHHH TpyMNbl OAHOPOZHbIX — 
JIMHEHHDIX NpeoOpasoBanHit, COXpaHsAIOWMX (POPMY XP -+-XZ +. . +X, — XE 
+ x24, HW ee TOArpynnbl, LelicrByiouleH B (+ 1)-MepHoM TpocTpaHCcTBe. 


BoeHHo-HHxeHepHaH akajleMua Tloctynuao 
um. B. B. Kytt6Optmesa 9 VI 1957 
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Jloknann Akanqemun HaykK CCCP 
1958. Tom 118, Ni 2 


MATEMATHKA 


M. HW. EPEMYH 


PPYfiMbl C KOHEYHbIMH KJIACCAMU COMP S)KEHHBIX 
ABEJIEBbIX NOATPYNN 


(ITpedcmaseaeno axademuxom IT. C. Anekcandposeim 1 VII 1957) 

HevimaHom B paOote (') Obl u3y4eH KJacc rpynn, B KOTOPbIX WIA Kaxkolt 
NOArpynnbl CyiWlecTByeT JIMWIb KOHeYHOe YHCIO eli CONpAxKeHHDIX No-rpynn. 
B paoote (*) ObivIo 1oKa3aHO, YTO 9TOT Ksacc Ppymm copnajaer c KaccoM rpyun, 
ABJIAIOULHXCA KOHEYHbIMM PaCWIMPCHHAMH CBOMX ILeHTpoB. 

BosHukaeT Bompoc: Oy fer JM Oovlee MpOKHM Tako KIacc rpymnl, y KOTOPEIX 
KOHeYHBIMH OyAyT He BCe KaCCbI COMPAKeHHbIX' NOZpynn, a JIMUIb Kwaccbl 
COMPAXKeHHBIX adeJleBbIX NoArpynn? 

OTOT BOMpoc ObII MOcTaBeH Mepex aptropom C. H. UepunKospim, KOTOpbIM 
ObIIO BbICKa3aHO TakxKe MpekMOOKeHHe O eFO OTPHIaTebHOM pelleHHH. 
B Hacrosujeh paOoTte JoKa3saHa ClpaBeQMBOCTb 3TOTO MpesnosoxKeHUA (TeO- 
pema l). 

Teopema |. JI pynna, @ Komopoti Onan KancOoli abenegoti nodepynnol 
CYLECMBYEM AULLb6 KOHELHOE 4UCAO ell CONPSANCeHHOLX NOOepynn, A6ASeMCA KOHEeU- 
HolM pactuupenuem cCéoeeo YeNmpa. 

IipeqmoxweHne, O6paTHoe 9TOH TeOpeMe, TPHBHaJIbHO. 

Jloka3aTebcTBy TeOpeMbI TIpeNOUWieM pA JIeMM. 

JIemma 1. Ecau meopema | cnpagedauea Oaa nepuoduuecKux epynn, 
mo OHA CNPpaeeOAUCA LL OAA NPOUZBOAbHOLX epynn. 

JloKa3aTesIbCTBO JIEMMbI MOXKHO JIerKO NOJY4HTb, ONMpaAcb Ha CJlelyroulee 
npHHasviexkamee C. H. UepHukosy ipesvioxwenne: 

B epynne & mozda u monrvbko moeda BCE KAACCbL CONPADCEHHOIX JAEMEHMOB 
KOHE4HbL, KO20A OHA AUOO CAMA AOKANLHO-HOPMAACHA, AUOO ABAKEMCA YeENMpAAo- 
HOM PACllUpeHuem AOeNegoll epynnol O€3 KPY4LeHUA C NOMOL{bIO NOKANGHO-HOPMAAb- 
HO epynnel. 

Jlemma 2. Ecau meopema 1 cnpaeedauea OAA NpoUuseoAbHolx p-epynn 
(p — 21060e npocmoe 4UuCAC), MO OHA CNPAaBeOAUEA U OAM NPOUSBOALHOLX Nepuodu- 
4eCKUX epynn. 

Tloka3aTeIbCTBO 3TOM JIEMMbI MOXKHO Oe3 OCOOoro Tpya NOYYMTb, OMMpPaACch 
Ha CJleyoulwe MpeO*KeHUA, LOKa3aHHble aBTOPOM B ero AMIJIOMHOH paoore. 

1) Ecau @ nepuoduseckoti epynne © Hopmaausamop Kaocdot abenesou nod- 
epynnol umeem KoHeUHolll UnOeKC, mo epynna G codep xCUM AULLb KOHeLHOe 4UCAO 
HEUHCAPUANMNbLX CUAOBLIX P-NOdepYyNn NO PAZAUMHIM P U MOAGKO KOHEXHOe LUCAO 
HeAGeNCBLIX CPeOU UHEAPUAHMHOLX CUACBCKUX p-nodepynn. ; 

2) Ecau 6 npouseorexoti epynne & Kakas-au6o cuaoeckaa p-nodepynna 8 onpe- 
Oensem KOHeUHbILL KAACC CONPsAIKeHHbLX C Helt Nodepynn, mo nepeceuenue Becex 
nodepynn amoeo KAaacca umeem Koneunolti undeKc 6B. aby 

Jlemma 3. p-epynna ©, nopootdenHaa cucmemou odpasyrouyux 


Qi, Di, Qo, Dae Ch Ca) Qn, Da Sees 
C ONPeOeAAIOUUML COOMHOWEHUAMLL 
[a;, aj) = [b:, 6) =[ai,0))=1 nput,j= (ere eee Is 


[c;, aj] = Ger b;] = I 0 (Ci) a (Cc; — [a;, bij), 
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20e o(c;) osHauaem nops2doK srzemenma C;, OOAaOaem abenegoll nodepynnotu c ec- 
KOHEUHbIM KAACCOM nodepynn, eli CONPAIKEHHOLX. 

IIlpu 2oKa3aTesbcTBe STOM JIEMMbI HCMONb3YeTCA BO3MOXKHOCTH pa3zJO*KeHHA 
rpynmbl, MopoxeHHOH 9emMeHTamu a; (i=1, 2,...), B MpAMyIO CyYMMY UHKJIH- 
YeCKHX CJlaraeMblXx. 

Jlemma4. JT pous@0nbHaA AOKANAbHO-HOPMQANbNAA p-2epynna, HE ACAMOWAACA 
KOHeUHOLM pacuUupeHuem ceoeeo yeHmpa, OOAAOAem nodepynnoti co ceolicméeamu, 
ONUCAHHbIMU 6 ACMMEe 3. 

TIponece BbiqeweHuA TakOW Nosrpynnbl aHaslorMueH HeHMAHOBCKOMY IIpo- 
weccy BbiqemeHua «H-nolrpynm B Tex rpynnax C KOHeYHbIMM KJacCCaMM CONps- 
2KCHHBIX 3JIEMCHTOB, KOTOPble He ABJIAIOTCA KOHCYHBIMH PaClIMpeHHAMM CBOHX 
WeHTpos (2). 

Jlemmpr 1—4 mo cyilecTBy HC¥epMbIBaIOT JOKa3aTebcTBO TeopembI |. JTeH- 
CTBHTeJIbHO, JIeMMbI 1 u 2 CBOAAT WOKa3aTebCTBO K clyuaro p-rpynnu. Jlanee, 
eCIH Kakas-IH60 U3 p-rpynt, YOBJeTBOPAIOIMX YCOBHIO TeOpeMbI (TaKHe 
rpyNMbl, OY€BHAHO, JOKaJIbHO-HOPMAJIbHbI), He ABJACTCA KOHCUHBIM PacliMpe- 
HHeM CBOerO WleHTpa, TO, B CHJIY JIeMMbI 4, OHA OOJIaqaeT NOArpynnon co cBok- 
CTBaMH, OMMCaHHbIMM B JIeMMe 3. OHaKO TaKas Nosrpynla cosepxKuT, B CHIY 
JIeMMbI 3, OeCKOHEUHbIM KaCC COMPAKeHHBIX abeseBbIX MOATpynn, YTO MpOTHBO- 


PpeuHT YCJIOBHIO TeOPeMBI ie 


Tocrynuao 
97 1957 


WHTHPOBAHHAS JIATEPATYPA 


LE Bonk, Niesiim’a ninpivathaeZseiGdew New e7 OM 1955): 
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Hornann Akanemun HayK CCCP 
1958. Tom 118, Ne 2 


MATEMATHKA 

r. B. )KUAKOB 

rPAHMYHDBIE CBOMCTBA JM®bEPEHILMPYEMBIX 

MW FAPMOHHYECKHX ®YHKIUMM B OBJIACTAX 
C YPJIOBbIMHM TOUKAMH 


(ITpedcmasaeno uxademuxom C. JI. Coboneeuim 27 VI 1957 ) 


PaccmMoTpuM B UpocTpaHcTBe KOHMYeCKyIO O6sacTb G, O6pasyemyio Bpa- 
MleHHeM JIy¥a ¢ BoKpyr ocu x. IpsamoyrobHEIe KOOpAMHATbI CBA3aHbI co 
ccbepHyecKHMH COOTHOIIeHHAMU 
z=rsin0sing;. y=rsinbcose, | x«=rcoss; 
Oto Ut ors 2 OA Or 
Ha rpanuue [ o6nactu G 3anana pbynKuna 


$@e2=T=fe 9), r=. 
TapmMonnyecky1o = (pyHKuMio V(p, o, 8) BHyTpH oOsacTu G, 
Vurerpan Jlupuxme B Kooplmuatax (9, 9, 9) or dyHKuun V(p, 0, 8) umeer 
BU 


D{V] = W\S[Goe) + ames (Se) + (Sr) ]ersin 8 dp dead, 


Ilocrpoum 


Ecau o6nactb G— Kounyc 


OrpaHHueHHbIM JBYMA KOHIeHTpHyecKHMH cipe- 
pamMu c paquycama r= 1 Hu fr =e, TO rapMoHMYecKad *yHKUMA WMeeT BUA 


4 oo ee Ky, (cos 8) 
o, O We SS >) sin kro [Arm cos mg + Bam sin mg] KP (e058) ’ 
k=0 m=0 
rie O<0<1; 0<C86< 4; Oo <2; Kz (cos 9) — konnteckue PynKuun (1). 
Arm Mi i eee Dyppe (pyHKUMH 


P(e, ¢ Pind 


Me 


sin kxp [Apm cos mo + Brum sin me]. 


B cayyae, ec OO/acTb Coe KOHYC C BeplHHOH, B Hatase 
KOOPJMHaT, CHMMETPHUYHDIIi OTHOCHTeIbHO OCH X, TapMoHHuecKad yHKUMA 
V (p, », &) mpeaqcraBuMa BbIpaxKeHHeM 

Sane Seng 
V (0,0, 0) = : = Dy \ \ cos k (o — 0’) [am(p’) cos me + 
a0 V & m=0 — oo —oo 
K{" (cos 9) 
bm (o’) sin me] eens do’ (2) 
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re —w<p< cw; 0< I< Hh; Oe < 2x. OGosHauuM Am (k) HU Bm (k) Tpatic- 
cbopmanuu Dypbe KospPPHUHeHTOB Ap (e) U bm(e) PyHKWHM 


f(e, o)~ y {am (g) cos me + bm (pe) sin m9}. 

m=0 
Teopema 1. Ecau @ynxyua V(p, 9, 6), eapmonuueckaa 6 o6nacmu G, 
yoOoeremeopsem YCAOBUAM: 


1) \|V@ 9 )PaT<M Aaa ecex 6<O; 
1 


2) D[V])<%, 
mo cywecmeyem epanuunan gynKkyua (0, 9), cymmupyemant 6 Lo, Oat 
Komopot 


lim \(IV@ 9-9 9) Par =0 


0+ 66 T 
U 6bINOAHHACIMNCH YCAOBUE 
Wet ty 94h) — be — ty 9— Ma) [al <M sat, 
k=1 


20e I‘ — epanuya o6nacmu G; ¢ = 0; M — nocmoaxanaa, ne 3aeucatyaa om hp. 
Teopema 2. Ecau epanuunan dynkyun (pe, 9) cymmupyema @ Lu 
yoosremsopsem YCAOBUIO 


Sie (+h, 9 +h)—00—hn @—h)AP<M SA, 3) 


k=1 


2de ¢>0, mo coomeemcmeyroujan ett eapmonu4eckan dynkuun 6 obnacmu G 
obradaem credOytroluumu ceoticmeamu: 
1) V(e, 9, 9) eapmonuueckan 6 G Onn 6< 6,; 


2) \\IV@. o, 6) Par <M dan 6<8,; 
1 

3) lim NIV, 9, 9) —b(o, 9) Pal = 0; 

4) DV] <o. 


Teopema 3. Ecau epanuunaa gyxxyua v(p, ©) cymmupyema 6 Ly u 
ydoenremeopsem YCAOCBUIO 


2 


\\ie +t, o+ hy) —b(o—hy, 9 —h,) Pa < My ie 
r 
mo OAs Ccoomeemcmeyiowyett evi eapmonuueckoti dynxyuu V (p, 0, 8) 6 o62acmu G 


3 
VV VV eta, @ + fay 0+ te) —V (6 — Ia, 9 — hy, 9 — hy) Pd <M, Pe: hee 
G kR=1 


2de M, u M,—nocmoanuole, we saeucauue om hp. 
IIpu foKasatenpetBe Teopem 1 nu 2 moKasbiBaeTca, uTO ecaU V (e, 9, 8) 
mpeAcTaBumMa Bbipaxkenwem (1), TO KoHeyHocth D[V] skBuBaneHTHa cxoqu- 
MOCTH psqa 
co co 
> > & +m) (Aim + Bim). (4) 
k=1 m=] 
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Hs ycnosua (3) Teopempt 2 joKasbiBaeTca cxoxuMoctTb pana (4). Ecan 
V(e, 9, 6) npeqcrasuma dopmysol (2), TO KoHedHOCTE D[V] 2kBuBaseHTHa 
CXOQMMOCTH psifa 


> | mt Wai) + Bh (Nae. (5) 


m=0 0—oo 


[lokasbipaetcx, uTo u3 ycuoBua (3) Teopempr 2 B 93TOM cuyyae culeqyer 
cxoMMocTb psza (5). 

IIpu oKasarenbcTBe Teopembl 3 NcMOb3yeTca Hed OKagaTenbcTBa 
Teopembl C. H. Bepuurtetina (*). 

Paccmotpum oOsacTb G: O<x, y, 2<n, Dynxuna f (x, y, z) € Hp(G) 
WHyuupyeT Ha rpanuue TI’ o6nactu G dyHKHI0 lip = 9. B 9Tom cuyyae 
WOKa3aHbl TeEOPeMHI: 

Teopema 4. Ecau O<r—1/P<1 u @qynxyua f npunadasenum 


Ue 


K KAaccy Hp(G), mo epanuxnan dynxyun op € Hp" (M), ce M<CI|f Loa; 


_C—nocmosnnaa, He saeucauan om | f |Lp@- 


Teopema 5. Ecau O0<cr—1/P<.1 u wa eparnuye T sadana dyxx- 


—4yUua 9, npunadnesncauaan x Kaaccy H's"? (M), mo cywuecmeyem gynKyuan f 


Kaacca Hp(G), onpedenennan na o6aacmu G, makaa, «mo flp=9 


f oa 1G r 
lizxa) <C 9 |[Lpa- 

PH HaJIO%KeHHH YCJIOBUA HENPepbIBHOCTH Ha YETHBIe MPOHSBOAHbIe PYHK- 
WMH © B YIJIOBbIX TOUKAaX TeopembI 4 H 5 WoKasaHbI B cuyuae r—1/P>1*. 


Mockosckul TrocyapcTBeHHbIli yHHBepCcuTeT Iloctynuso 
um. M. B. Jlomonocosa 25 VI 1957 


WMTHPOBAHHAS JIMTEPATYPA 


PE iH oibson, Tratis. ‘Gampbri)PhilmaSoc:, 14,7 211/((1889)z . 2. Gee Menten, 
Math. Ann., 18, 161 (1881). *C.M. HuxowapbeKuit, Matem. c6opu., 33 (75), 2 (1953); 
35; (77), 2 (1954). 4A. 3urMmMyHQ, TpuroHomerpnueckue pap, 1939, crp. 138. 
4 TutTumapwm, Bsejenne B Teopuio uHTerpatos Pypre, 1948. °C. JI. CoOores, 
Hekotopbie npuMenenuad tbyHKUMOHabHOTO aHanusa, JI., 1950. 


* Onpegenenne Hp (G), |Ifllzp@> lelepay o™: ©): 
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Jloxxayn AKkagemun wayx CCCP 
1958. Tom 118, Ne 2 _ 


MATEMATHKA, 


B. HW. 3YBOB 


O NPHHUMME CBEXEHHS 
(ITpedcmaeaexno akademuxom B. H. Cmupxoeoim 1 VII 1957) 


B wactosulell craTbe WaeTcad MeTOR ucceOBaHuA 3aqauH OO yCTOMYMBOCTU 
HyJeBoro pelleHHa CucTeMbI 2-+ k OObIKHOBeHHBIX udp pepeHMaJIbybIX ypaB- 
HeHHH. DTOT MeTO, 3aksOUaeTCA B UCCeOBaHHH cHcTeM k-ro HW N-ro NopaAs- 
KOB, NOJYYaIOULMXCA U3 HCXOHbIX ypaBHeHHi. IIpumenenwe 9TorO MmeToya 
MO3BOIAe€T MpOABUHYTb pelleHHe B pe COMHHTEJIbHBIX CJIydaeB. 

PaccmMorpuM cHcTeMy OOBIKHOBeHHBIX jMpipepeHwaJIbHbIX ypaBHeHHi 


dy, 


dl fis (bs Mase “es Way Dae ee) ae ee es 
dx; ; (1) 
a Gi (bs Hay e+ os Kms Yrs + + > YR) (i 1 Jae 
ByeM cunTaTb, 4TO MpaBble yacTH cucTembI (1) 3aqaHbI B OOmacTu t > 0, 
X|<H, ' |Y|<cH° sn UmenpeppeneninnaMqeeisnech 1X — Ga eee 
n lo ; 
Viney (Yi) Cas, Urs Aelee (> x) , 1 > 0. lpegnonoxum qanee, uTo f;=0 
i=1 


mou Y=0 u gj=0 npn X =Y=0. 
Onpewenenue 1. Hymepoe pemenne cucremp (1) Hasopem ycTohuu- 
BbIM, eCJIH Ja moOoro ¢>>0 MOxKHO yka3aTb 6(¢) >O0 Takoe, 4TO pH 


LX Mae 8, [ay Pe Se Oyen 
[Xe XO, VO othe, WV ee ees 


npu O<t,<t. Ecamu, kpome toro, umeem X (t, X, Y, t)) +0, Y(t, X, 
gue to) +0 npw t-++ 00, TO HyseBoe pemeHHe cucTempbl (1) HasoBeEM 
aCHMNTOTHYC€CKH YyCTOHUYMBHIM. Syecb uepes X (t, xe. yo. tos 
VG ACR: to) O6o3HayeHO pelleHHe cHcTembI (1) c HayawbHbIMH JaHHbIMU 
X= X”, Y=Y tpn t= 4. 

Ecim B neppok rpynue ypaBHeHH, BXOJsUMX B cucTemy (1), Bemu4uHHBT 


X1, +++, Xp, 3AMCHHTb MPOH3BOJIbHbIMM HelpepbiIBHO WupdpepeHuupyeMbIMu (pyHK- 
WHAMH X,(t),..., X(t), 3aqanupimn upu t >0 wu yAoBMeTBOpsiouluMH ycmO- 
Bulo |X (t)|<CH, To nowyuum cuctemy k ypaBnenuit 

dy, 

4 = fists a), Aan Onys ei a ee (2) 


Aa KOTOpOH TouKa Y =O 6OyJeT Nosox*KeHHeM paBHoBecus. 
Onpenenenne 2. Hynesoe peuenve cucrempt (2) Ha30BeM CH JbHO 
YCTOHUYMBHIM, CCH MOXHO ykKa3aTb uNcIO H,>O0 Takoe, TO Ana Kax- 


moro s;>0 cymecrsyer 6,;>>0, o6magatoujee cBolictsom: npu | Y | <8, 
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6ynet |Y (t, Y, t,)|<e, npw O<ty <<? ana smo6ol (cbyHkuun X (tf) Taxol, 
yTo |X (t)| << H,. Ecam, xpome toro, Y (a yo, to) +0 npn t+ + o, Hyae- 
BOe pellleHve CHCTeMbI (2) HasOBeM CHA BHO ACHMNTOTHUeCKH ycTor- 
YHBBIM. 

Paccmotpum dbyuxumo W(t, X,Y) taxyio, uro W=0 LDH eX =O) 

Onupeqenenue 3. Oynxumio W(t, X,Y) wasopem ctporo ompe- 
AC NECHHO-OTPHUMaATeAbHOH NO X, ecm cymecTByeT HenpepHiBnad (:byHK- 
una f(r) Takaa, uro: 1) f=0 npa r=0 uw f>0 mpa r>0; 2) ana mo6olt 
Bektop-pynkumu Y (X), MoquMHeHHol HepapeucrBy | Y (X)|<f (|X|), bynkuus 
W (t, X, Y (X)) ectTb onpefeneHHo-orpuuatembHaa mo X. 

Teopema 1. Ecau: 1) ayaseeoe pewernue cucmemet (2) cussHo ycmotiaueo 
(CUAbHO acumnmomuuecku ycmotiuuec); 2) cytuecmeyem 6 o6aacmu | X|< Ho, 
t >0 nenpepoieno Oudeepenyupyeman noroocumenroHo-onpedencHHan PyNKYUA 
V(t, X),V(t, X) +0 npu X-—~-0 paenomepxo no t>0; 3) qgynxyua 

n 


OV i, OV 
WAX, Vijce apa dx, 8 (¢, X, Y) seanemcan cmpoeo onpedenexno-ompu- 
j=1 
yamenonHou no X, mo HYyAeGoe pewienue cucmemot (1) 6yOem maKowe ycmoti- 
4U6blLM (ACUMNNOMU4eCKU YCcmotiUuUu6olM)). 
Teopema 2. Ecau: 1) @ynkyuu fs (t, X, Y) pasaaeawmca @ cxodnwueca 


PAOKL NO YENLLM NONOKKCUMECALHOLM CMENCHAM BEAUMUH X14, ~~~, Xny Yip -- +5 Y, 


C BeLECMBCHHOLMU, HeENPePbleHbiMU, O2€PAHULEHNOLMU KOI@MuYyUeHMaMU, 3A0QaH- 
Hoimu nput>O0, u nyneeoe pewenue cucmemo (2) ycmotiaueo (acumnmomu- 
“eCKU YCMouNuUeO) B6HeE saeucumocmu om éeblOopa uAeHoOR nopsaCKa ni (2); 
2) dynkuuu g;(t, X, 0) nenpepoieno Ougdpepenyuupyemol no ecem apeymenmam 
nput>Ou|X|<H u nyaeboe pewenue cucmemot 


dx; ‘ 
ie es A) (3) 
ABAAEIMNCA PABHOMePHO ACUMNMOMUYeCKU YCMOLi4UGLIM LL PABHOMePHO NpumsA- 
eucaruum (7, 3); 3) 4acmHole npouseodnole ynkuuu g;(t, X, 0) cepanuuenot 
emecme Cc gyxkyuamu gj(t, X,Y)—g,(t, X,0) npu t>0, |X|<H, 
|Y|<H, mo nyaneeoe pewenue cucmemet (1) ycmotiuueo (acumnmomuuecku 
ycmou4ueo). 

Cuenactsue. Ecau: 1) 6ebinoanexo ycaoeue 1 meopemot 2; 2) dyrxkyuu 
g(t, X, 0) = gj (X, 0) ne saeucam seHoLm OOpasom om t u HYyAeGoe petulenue 
cucmembt (3) acumnmomuuecku ycmotiuueo; 3) d@ynkyuu g;(X, 0) nenpepoleno 
Ouggmepernyupyemol, a dynkyuu g;(t, X,¥)—gj(X, 9) oepanusenos _npu 
t>0, |X|<H, |Y|<H, mo nyaeeoe pewenue cucmemot (1) ycmotuueo 
(acumnmomuuecku ycmotiuuéo). 

TIpuBeenuble BbILe TEOPEMbI B HEKOTOPHIX CJyYaAX MO3BOJIAIOT YIPOCTHTb 
peuieHue Bonpoca 06 ycToiuMBOcTH HyseBOrO pelleHHA CHCTEMbI (1), ecJIH 
Make pagsoxkenua cyuKunl g;(t, X, 0) He coxepxaT WIeHOB, JIMHeHHBIX OT- 
HOCHTEJIBHO X1,.-.- 5 Xn- 

B kKayecTBe IipHMepa pacCCMOTpHM cHcTeMy 


+ co 
= oe (8 Wee fa Gedeel (4) 
-- co 
dx, 
ceror (m) =o AP e) 5 
i Seas (t, X, Y) = g;( ) (5) 


rae Y{”, cooTBetcTBeHHO one TIpeAcTaBAI0oT COOH OHOpozuBIe CopMbl 
CTCNeCHH (1 OTHOCHTEJIbHO BeJMYHH Yy,.- ++ Y,, COOTBETCTBCHHO Xj, ..., Xn. 
ByfemM cuutaTb, uo KospipHuHeHTb! 9THX POPM CYTb CXOAMUIMECA CTereH- 
HbI€ PAbI OTHOCHTEIbHO BeJIMYHH %1,.- +, Xn, COOTBETCTBCHHO Yi» -++Yps 
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KOSPPHUMEHTLI KOTOPHIX BeLICCTBEHHbI, HeMpPepbIBHbI HM OrpaHH4eHbl MpH t> 0. 
Ilyctb cucrema (3)—(4) uMeeT HyJleBoe peuleHHe. IIpeqnoso*xuM, TO 
-+- co 


g(t, X,0) = bs Xi” (t, X)  bynKuan xe — OJHOpOAHbIe POPMbI CTeEMeHH 
m=). 
C BeIL€CTBEHHbIMH MOCTOAHHBIMA KOS PHIMeHTaMH. 
PaccMOTpHM Tellepb CHcCTeMy 


dx, = 
ar = X}” (X). (6) 
Teopema 3. Ecau: 1) nyaceoe pewenue cucmemot (4) ycmoiuuueo (acumnmo- 
muuecku  ycmotiuueo) exe s3aeucumocmu om é6olbopa 4AeHOs nopAIKa 
eouue n (+); 2) nyneeoe pewenue cucmemo (6) acumnmomu4ecku ycmou4ueo, 
mo HYyAegoe pelenue cucmeme (4) — (5) ycmotiaueo (acumnmomu4ecKu ycmou- 
4030). 
PaccmMoTpuM nogpo6uee yciopue 2) Teopempl 3. Ja Toro uroObl HyseBoe 
pemeHve cuctemb! (6) ObluIO aCHMNTOTHYeCKH YCTOMYMBbIM, HeEOOXOAMMO UH JO- 
cTaTouHo (°), uToObI cHcTeMa ypaBHeHHi 


iio (7) 


rie W —onpeeseHHo-novoxKHTebHad QyHKUMA, OMOpoqKad wopayKa 
m>u— 1, uMewa pelienve B BHe OlpeesIeHHO-OTpHaTebHoH (tbyHKuuH V (X). 
SameTHM, 4TO IIpH m= 2 cucTema (7) MerKO MoOxeT ObITb pellieHa B KOHEYHOM 
Bue, T. e. dynkuua V(X) Beipaxaetca uepes X;"), XS” wu W mpx nomomm 
KOHeEYHOrO 4HCIa KBadpaTyp. IIpH n ->2 pemrenue cucrembr (7) TakxKe MOET 
ObITb HalijeHO B KOHCYHOM Bue, OMHAKO B 9TOM CJIyyae OHO HMeeT JOBOJIbHO 
CNOKHbIM Bu. TIpu n=2 ycnoBue 2) Teopempt 3 MOXHO TakiKe MpOBepHTb 
pH MOMoujH TeopembI Kamenkosa (*). 

OrmeTHM, 4TO BIepBbIe TaKOH MeTOX pellieHHA BONpoca 06 ycTowuuBocTu 
Obl mpumMeneH A. M. Jlanyuosnm (°) MpH HcceqOBaHHH COMHHTeJIbHBIX CJLy- 
yaeB. 

B pa6ore (*) Ob1vi0 aHO pasBHTHe 9STOTO MeTOa AIA pellleHHa Bompoca 06 
yCTOMYMBOCTH B CLy4ae AHAJIMTMYeCKUX NpaBblX YacTel cucTempI (1) cnelMasb- 
Horo Bua. B nacToseH paOoTe CymleCTBeHHO MCMOIb30BaH MeTOR NOKasaTevb- 
CTBa, cOJepxamHlica B (1). 


JleHuurpayckuli rocyJapcTBeHHbii yHuBepcuTerT Tlocrynuso 
um. A. A. Kyanosa 26 VI 1957 


WUMTHPOBAHHAA JIMTEPATYPA 


1Y.T. Maaxkuu, IIpuka. matem. u mex., 6, 8. 6 (1942). ?H.T.Maaxkuun, IIpuxa. 
MaTeM. H Mex., 18, B. 2 (1954). ®B.W.3y6o.8, JAH, 100, Ne 5 (1955). *#F. B. Ka- 
MeHKOB, Tp. Kasanck. apualuon. uncr., Ne 9 (1939), 5® A. M. Jian yuos, O6maa 
gaqaya 06 ycToiiumpocTa ABMKeHHA, 1950. ° B. HW. 3y6o08, Merogs A. M. JIanyuosa u 
HX puMeHeuue,. JI., 1957. 
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Hoknaagmn Akanzemun Hayk CCCP 
1958. Tom 118, Ne 2 


MATEMATHKA 


H. M. KOPOBOB 


Ob OWEHKE PALMOHAJIBHBIX TPHFOHOMETPHYECKHX CYMM 
(ITpedcmaenex6 axademuxom H. M. Bunoepadoseim 4 VII 1957) 


O6o3HauHM yepes S cymmMy 


Pp 3 
27 ——_—_—_—__—_———— 
S= de d ; (1) 
t= 
“Te qd, ,-.-- > Qn4, Wemble W (9, Anti) = 1. B pasnmunpix 3aqauax Teopnu 


UMCeJI HY2KHbI HETPHBHaJIbHbIe OLCHKH MOLyJIa cyMM (1), NpHuemM BaxKHO HMeTb 
KaK MOXKHO Oovlee TONIC OLCHKH, CIIpaBeQIMBbIe WIA 3HaveHHH P “3 BO3MO2%KHO 
 Oomee WIMpoKoro MHTepBawa. 
M3 teopemp! 1. M. Buxorpayosa (*) c TpuroHomeTpHyueckHx cyMMax O6lero 
ey 


Bua culeyeT, ¥To mpH P=q" CyLeCTBYIOT MOJIOKUTECJbHBIC KOHCTAHTHI Cy 
HM a, Takue, YTO Ha HHTepBawe 


ES es 7) (2) 
cupaBelMuBa OleHKa 


at 


| S| < ern In?n D' ninn 2 (3) 


Ota OueHKa C HeOOJIbIIMMH H3MeCHeCHHAMH paclipoctpaHseTcA Ha HHTepBaJIbl 
O<r<lun<r<n+1.U0purSn-+ 1 cyuiectsyiot, ovepuguo, cymMpl S, 
JIA KOTOPbIX TPHBHaJbHy!O OWeCHKYy HeJIb3A yyumuTb. Takum o6pa3om, HH- 
TepBasI 3HayeHHii P, Ha KOTOPOM lOJlyYeHbl OWeHKM Tua (3), ABJIAeTCA Tpe- 
J@sIbHO IWMpOKHM, H MO%KHO CTABHTb BOMPOC JIMIUb OO yTOUHeHHH STHX OLeHOK. 

Kak mokasaHo B (), CyllecTBylOT OlWeHKH cymMM S Oovlee TOYHbIe, YeM 


co dl 
OUeHKU (3), HO OHM HaliqeHbl WHWb AA uNTeppana 1<r<1 +--, cocTaB- 


JIMiolero Mawlyio yacTb wHTepBasa (2). B wacrosijei padore yfaeTcx 
Ha BCeM wHTepBpaie I1<r<qn 3aMeHHTb B oOleHKe (3) KosdpulMeHT 
eon ln? a6comOTHOH KOHCTaHTOH C HU OJHOBPpeMeCHHO Ha 3HaUHTeJIbHOM YacTH 


Oy 


9TOrO MHTepBasia yJIYUWIMTb «MOHW2KAalOlMi MHOKHTCJIb» prin’ To BeHUHHbI 


(04 
-P™ . Yuyumenve ouenku (3) qa n, pacrymMx BMectre c P, nouyuyaerca 
TakxKe H Jia uHTeppaion O<r<1, a<r<n+l. ; ; 

Tlyctb (9, Qnqa)= 1 un 1<Sn<p,—1, rhe p; — HauMenbImMH MpocTou 7e- 
JMTeIb g. Torga cipaBeQIMBbl CleAyIOWlMe TeOPeMBI: 

Teopema 1. Cytyecmeyrom abcoaimnole KOHCMaHMmel C u « makue, 


1 
TO ORR. gt Ha unmepeane 1<r<n-+ 1 60inoanAemca OYeHKa 
ji = ar (n-+1—r) 
iSi= CP ole 
2n 
20e 1 => In es ae, e 
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Teopema 2. Kaxoso 601 nu 6blao GbuKcuposaHHoe ¢ > 0, CO ee 


y-> 
Koncmanma «= «(e) u abcomomnaa KoHCMaHma C makue, umo Ona? = Ge 
Ha uxHmepeane eh<(r< N—sh 6bINOAHACMCA OlEHKA 


o4 
torre | 


|S|}<cp * 


Teopema 2, ouepugHo, culemyer us Teopemp! |. IIpH qoKasaTembcTBe Te-— 
opemb! | MpHMeHAeTCA HOBBIT NOAXOA K OWeHKaM TPHrOHOMeTPHYCCKUX CYMM, 
IIpH KOTOPOM HCMOJb3yeTCA PallHOHAJIbHOCTh PaCCMATPHBaeMbIX CYMM. Kpome 
TOPO, CYMIECTBeEHHO UCHOsb3yeTcA CJleqylollat Teopema. 

Teopema 3. Iycmo n,r,k,t,q u P— yeaole, yooeremeoparujue YCAo- 
6UAM 

1 a 
l<r<n; sol; kev an;, GS a <P<($)\' , 


Toeda cyiuecmeyem abcomomHaa KoNCMaKHmMa Cc mMaKasA, 4mo OAA 4UCAa 
N;,(P) pewenuti cucmemot cpaenenut 


Ky note Ree Uy tees 
Bed lo aoe Eee EE a 
Re cae ee Le 


CnpaeedAUusa OlYeHKa 


} 

l 

| (mod ) (l< xn yyX< P) (4) 
| | 

) 


op— 7h) Tar) (2 an 
Np (P) < ee (ntt) Rink p 2 : 2 ae (5) 

JJoxa3aTesbcTBO Teopembl 3 mpoBogqutca Metoyqom VW. M. Buxorpayosa. 
JlerkO NOKa3aTb, YTO A YMCA pelieHH cucTeMbI cpaBHeHHM (+) cnpaBer- 
JMBa CJleAyIowlad OWeHKa CHH3Y: 


r (2n+1—r) 


Ni (B\cs CXR\22" Gana Se 


re C(k) —-HekoTopad NOMOKUTebHAA KOHCTaHTa, 3aBHCAlad TOJbKO OT R. 
M3 conocraBJeHuA TOM OWeCHKH C OMeHKOM (5) BHAHO, 4YTO NpH ocTaTouHoO 


OOJIbIIMX SHAYeHHAX 7 YTBepxeHwe TeopeMbl 3 yxKe HeMb3A CylleCTBeHHO 
YCHJIMTb. 


Matematuueckuii uxucTuTyT uM. B. A. Creksosa Tloctynuso 
Akajlemun HaykK CCCP 27 VI 1957 


UWHTHPOBAHHAA JIMTEPATYPA 


7W.M.Buunorpagos. Mss. AH CCCP, cep. matem., 14, 199 (1950). 2X ya Jlo- 
Feu, Tp. Matem. nuct. um. B. A. Crexmopa AH CCCP, 22, 16 (1947). 
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Hoxnangn Akanzemun Hayk CCCP 
1958. Tom 118, Ne 2 


MATEMATHKA 


C. f. KPEMH u Ml. E. COBOJEBCKHM 


AM®PEPEHUMAJIBHOE YPABHEHWE C ABCTPAKTHDbIM 
OJITMNTHYECKUM -ONEPATOPOM B THJIBBEPTOBOM IIPOCTPAHCTBE 


(Tpedcmaeaeno axademuxom H. I, Tempoecxum 11 VII 1957) 
1. Paccmotpum fudbepentvabHoe ypaBHenue 
dv 
Fyoae Av = 0, (1) 


rye A— HeKOTOpbIH HeOrpaHHyeHHbIt onepaTop co BCIOAY MIOTHOM OGmacTbIO 
onpenesenua D(A), elicTByomMi B ruibOepropom mpocrpanctse H; 
v = v(t) —uckomad PyHkuNA CO 3HaueHHIMH B H, yJOBNeTBOpsIOMaN 3a]aH- 
HOMY HavaJIbHOMY YCJIOBHIO 


0 (0) — 07 DA). (2) 


PynkuuaA v(t) ABAAeTCA pelleHveM ypaBHeHua (1) Ha [0,7], ecu mpu 
t€[0, T] ona umeert cusbHyIo mpousBogHyIo du/dt, ee 3HayeHHaA MpHHaue- 
*KaT OONacTH ompesemenua D(A) onepatopa A vu yAOBeTBOpAIOT ypaBHeHuio (1). 

Onpefenenue. Byyem ropoputb, uro sgagaua (1)—(2) KoppexktTHa 
Ha cermeute [0,7], ecau: 1) pemenwve 3agqauw cylecTByeT pH s1060M 
Uo & D(A); 2) pemenHe equHcTBeHHO; 3) pelmenve HempepbIBHO 3aBHCHT OT Ha- 
YaJIbHbIX JaHHbIX paBHoMepHo no ¢ ua [0,7], T. e., ecau vp(0)E D(A) u 
Un (0)—>0,To max |/v,(t)|—>0 npx n— oo. 

ig 


QxT<S 


Jlerko BujleTb, UTO 3afaua, KoppekTHad Ha cermente [0, 7], OyyeT Kop- 
PeKTHOIi HM Ha JOOOM OoubWIeM CerMeHTe, HOSTOMY B ONpeseeHHH KOppeKT- 
HOCTH MbI YMOMHHaHHe O cerMeHTe OyeM OllyCcKaTb. 

YpapHenne (1) Meroqamu TeopHH Nosyrpyni usyyasocb Xussom (1), Ho- 
cuga (?), @unsanncom (°) u ap. EctecrBeHHocTbh UpWMeHeHHA Nowyrpynn mp 
W3y4eHMH TakUX ypaBHeHHi BbITeKaeT 3 CJIeMyIOWeH TeOpeMbl. 

Teopema 1. Jaa moezo umo6ot sadaua (1)—(2) 6olaa Koppexmuoll, He- 
o6x00uMmO, “moOol Oonepamop —A OonycKaA s3amelKanue —A, sABAIOWWMeeCA 
NpouseodsuuUuM ONepamopom CUAbHO Henpepolenoti noayepynne: U (t) oepanu- 
ueHHblx onepamopoe. Ecau A 3amKNym, mo ycaoeue Oocmamouno. Pewenue 
gadauu (1) — (2) Oaemca dopmyaou 

v(t) = U (ft) o%. _(3) 
lp qoKasaTesbcTBe TeOpeMbI MbI nCIO/IbsyeM MeTOA Xuvia (*). 

2. Bcwoxy B JambHefimem no A mpl NOHMMaeM TOJIOKUTC_HO-OlpeeseH- 
HbIli CAMOCOMpsXKeHHbI orlepaTop, elicrByioumwi BH. IlycTb qua onpeyenen- 
HOCTH 

dips (AeAg Ser : (4) 
veo (a) [elP 

Tlonyrpynna, nopoxfaemaa ypapnenuem (1) c TakHM OmepaTOpOM, MOxeT 
ObITb TIpeycTaBseHa B Bue 


Ky = cae 
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” —a 
Kpome 3Tof nowyrpynnbl Mbt OyemM paccMaTpHBaTb Nosyrpynny A OTpHila- 
TeNIbHBIX CTereHeli Onepatopa A. Dru ABe NOJyrpy!lbl CBA8AaHbI MEXKLy coool 


lipeo6pasopanvem Mesuiuua 
co 


Pj Ac = \ {2-1 e—At dt, (5) 
0 
OrmeTvM, ¥TO C MOMOLIbIO CHeKTpasIbHOrO pa3ssOxKeHUA ONepaTopa A serKO 
NlowyuaeTca olenKa (°) 


aes 
yacentapaclved we Gel 6) 
a mpu t >a. 


Oupegxeuaenue. Onepatop B Ha30peM onepaTOpoM Apoouoro 
NOpAAKa OTHOCHT€AbHO NOMOKUTeETbHO-onpezeNeHHOro 
onepatopa A, ecaM cylIecTBYIOT MOJOXKHTeIbHbIe KOHCTAaHTBI y<_1 4 
K, Takue, 4To 


| Bol <K,[ AT ol (7) 


mpuH m060m v€D(A). Huxutoro TOUHy!O rpabb YHCe y, WIA KOTOPbIX cmpa- 
Be].JIMBO HepaBeHcTBo (7), Ha30BeM 1Opx#AKOM onepatopa B. 

IIpakTuyeckH HaxOJUTb JpOOHbIe CTeMeHH KOHKPeTHBIX OllepaTOPOB, HallpH- 
Mep uddbepeniivasIbHbIX, BeCbMa 3aTpyAHuTeIbHO. Ilostomy AA onpeseueHuaA 
Toro, 4TO Onepatop B aBsaseTcH OlepaTopoM ApoOHcro nopsyKa OTHOCHTEeJIb- 
Ho A, noesHOH aABIAeTCH Teopema 2 

Teopema 2. J[na moeo umo6el onepamop B 6vla OpobKo2o nopsdKa a 
omnocumenoHo A, HeoOxodumo, a ecau B Oonyckaem 3ambikaHue, mo u Oo- 
cmamouno, umobo npu ecex vE D(A), y >a u OocmamouHo maarolx 6 uUmenoO 
mecmo nepaeencmeéo 


| Bol] <*] 40] + Slo}, (8) 


20e K ne saeucum om 6 u v. 
WoKxasatempetTBo. HeoOxoAumocrtTs. C nNoMollbio HepaBeHcTBa 
Tenbyepa ycTaHaBJIMBaeTCA HepaBeHCTBO 


[Avo] <|Aof ol ™ (€D(A)). 
Torga u3 (7) caenyer 
‘ J sl-y % yla—y) Ki G—y) 1-y 
[Bo] <Ky|A" ol < Ky] Aok of <P | Ao}. [Stell 
IIpumenaa kK mpapoli uacrH wHepaBencTBo MuxKoscxoro c p=1/y u 
g =1/(1—y), nomyuum HepaBenctBo (8) c K =(1—y)y/@-—) Kua-»), 
Jocratounocth. Bocnompsyemca (5) ana A” (y>>«). Torga npn 
w€ D(A”) 
8 [oo) 
= 1 * 1 
|BA* wl < rey" 1/BU (t) w| dé + Toy) tr-1| BU (t) w|dé. 


5 


IlycTb BbitomHeno (8) Upw y >a nu 8 <b. OGosnauum y, = (a + y) /2. 
K neppomy uHTerpasty upumMenum (8), nonaraa 6=t uw y=, KO BTOpoMy, 
nosarad 6= 0) WH Y=. Torga 
8o § 


| BA“ wI< po \ t—n| AU (dt + K\ ee JU (dt + 
+) es] ay ot gc1y @f]aih fot 


B cuy oneuku (6) .Bce uuTerpambl cytlecTByroT, mosTOMy |BAw|< 
<Ky|@| opa wED(A'™). Orcioga cnenyer (7). Teopema noKasana. 

3. Onpenenenue. Oneparop S 6ynem nasbBaTh 9 MnTHYe- 
CKUM, €CJIM OH ABMACTCH CYMMOM MOMO*KUTeHO-ONpemeeHHOrO CaMocompsA- 
2KeHHOrO onepatopa Au onepatropa B xzpoOxnoro nopayKa OTHOCHTeJIbHO 


A:S = A+ B. Herpyguo noxasatb, Io sumuNTHNeCKHIi onepaTop, paccmMaTpH- 
BaeMbI Ha D(A), 3amKuHyT. 


PaccmoTpHm ypaBnenue 
G+ (A+ B)u=0. (9) 
Teopema 3. S3adaywa (9)—(2) c sanunmuueckum onepamopom Kop- 


pekmua. 


aa AOKAZATEMIbCTBA HYXHO HOKa3aTb CyYULeCTBOBaHHe PpelIe€HHA, eHH- 
CTBEHHOCTb H HEIIPeCPbIBHYIO 3aBHCHMOCTb OT HauaJIbHbIx WaHHbIxX. ONMUIeM 
CXCMY WOKA3aTeJIbCTBAa. 


EQMHCTBeHHOCTH. YMHoxum (9) cKaapHo na Av. Tonyuum 
Re (+ ; Av) = — (Av, Av) — Re(Av, Av) << 
<— (Ao, Av) + || Bol] Aol] <—*/2|| Ao P + 1/2|| Bo? 
IIpumenum Teopemy 2; Torja 


Re (Gp Av) <—¥/,) Aol? + °° | AvP + Jo]. 


BplOpaB 6 Tak, ¥YTOOb! OpIIO Nhe ie uMeem 
/ dv Kk? = Kk 1) 
Re( as Av) << <s lell?< “ya lA hee 
TIpoctpimn paccyxeHuAMN OTCIOJa NowyyaeM HepaBeHCTBO 
K? 
1 1 ay ¢ 
[A*0(E)|<|A% Ole” , 
u3 KOTOPOrO CJIeyeT CAMHCTBEHHOCTh pellleHua 3aqauu (9)—(2). 
CytmecTBoBpaHue. BBOAATCA B pacCMOTPeHHe HHTerpaJbHble ypaBHeHHA 


i 
v(t) = e “vn, — \ E14 Bo (Ss) as, (10) 
0 


t 
OC) == Aero. — ( hee BAS) (s) ds. (11) 
0 


C MOMOMbIO pesybTATOB padoTH! (°) WoKasbiBaeTCA CJIeyiolwjan JeMMa. 
Jlemma. Bceskoe Henpepoienoe pewenue w(t) ypaenenus (11) no dopmyae 
v(t) = A ‘w(t) noposcdaem pewenue sadauu (9)—(2). | 
Henpepprsnoe pelreHve ypaBHenua (11) crpoHrca meTooM nocJefoBa- 
TCJIbHBIX TpH6WKeHHH. OTMeTHM, TO APO ypaBHeHHxn (11), B cumy (6) u 
(7), uMeeT cymMMupyeMy!0 ocoOeHHOCTh Busa 
(e=(t—-S)A peg on ee CC 1 
[er BAR Asia ehe peteny 
IHbIX JO- 
HenpepbipBHad 3aBHCHMOCTb OT HavabHbIxX Man 
Ka3bIBaeTCA B Ba 9Tana. CHayana u3 ypaBHeHua (11) Ha JocTaTouHO MaJIOM 
cermeute [0, ¢,] nomyuaerca oleHKa Quin w(t) Busa 
1 c¢ ag || Yo || 
[Aoi =1oOl<2 (4) Se. 
V3 sro oleHKH C MOMOL{bIO HHTerpasbHOoro ypaBHeHhA (10) nomyyaertca, 
ato upu O<t<t, |lv(t)||<Kealoll. Teopema qoKasana. 
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Cnegzctsue 1. Jina scakoro 9munTuueckoro onepatopa S onepatop 
— S sBAAeTCA TIPOHSBOAAILMM ONepaTOPOM CHJIbHO HeMpepbIBHOH MOJlyrpynnbl. 

CuencetrsBue 2. Cnekrp aamuntTuyeckoro onepaTopa JIexKHT B HeKOTOPOH 
nlosynsockocTtH Re A> oa. 

O6osHauum uepes Us(t) nomyrpynmy, mopoxKfeHHyio ypaBHenvem (9). 
C nomombio JeTaJIbHOrO HCCJIeOBaHHA MHTerpaJbHBIX ypaBHeHHu (10) u (11) 
ynaetca ais nomyrpynnmbr Us(t) nomyuvTb OWeHKH, anaJlorMyuble NepBoH 
oueHke B (6). B uyacrHocTu, cyulecTByioT Takue k, u T >O, uTo 


m,,m 


S"Us)< 2 (12) 


mph O<t<mT. Ouenka (12) no3BomseT QoKa3aTb Teopemy 4. 

Teopema 4. IJpu ecaxkom v€H gynkyua Us(t)v ydoeremneopnem 
ypaenenuto (9) npu t >0. Bce pewenun Us(t)v ypaenenua (9) aHanaumuunot 
eHympu HeKomopoeo yena |argt|<% () He saeucum om v). 

OrmeTuM CBOMCTBO OZHOTO YaCTHOTO BHAA YJJIMNTHYeCKHX OMepaTOpoB. 
Ilyctb onepatop B ygopseTBopxeT OMHOMY M43 ABYX yCNOBHH: a) onepatop B 
jpoOuoro nopsyka uM onepaTop BA~" orpannyen um b) onepatopsr B u B* 
ABIAIOTCA ONepaTopamMu Apo6uoro nopsnkKa. Torga cnpaBeaJIMBO HepaBeHCTBO 


((A + B)v, 0) > C; (Av, v) — C2 (@, 2), (13) 


rye C, u C,>>0 u ne 3aBucaTt oT v. B 3TOM cuyyae QIMNTHYeECKHH onepa- 
Top S yqoBjeTBopsxeT ycoBHam Xussa—Vocuya (1). Ipu BprBofe olenku 
(13) cymecTBeHHO HCnOub3yeTCA BaxkHOe HepaBeHcTBO Telinma (°). 

4, MoxHO pacCMOTpeTb ypaBHeHHe C MePeCMCHHbIM SJIJHNTHYeCKHM ofepa- 
topom S(t) 


a +IA) + B10 =F. 


Ecam A(t) yqoBeTBopseT ycnoBuam pa6oTn (°), a B(t) cumbHO Hempe- 
ppipeH Ha D(A), To Ha 9TO ypaBHeHHe MepeHOCATCA BCe OCHOBHbI€ pesyJIbTAaThP 
pa6otn (°). 

5. [lia Toro 4ToObl NOACHHTh KPyr BO3MO?KHbIX IPHMeHeHHA MpHBeJeHHbIX 
pe3syJIbTaTOB, paCCMOTPHM, HallpHMep, CaMOCONPA*eHHbI MONOMKHTEbHO- 
ONpeseJeCHHbIN ZupPepenwvasbub onepaTop Lo, TopsAyKa 2m B orpaHHdeH- 
HOH o6jlacTH G n-MepHoro mpoctpauctBa. Uepes A o6o3HayHM camoconps- 
XKeHHbIM OMepaTop, Nopoxaembili onepaTopoM Lym Ha (PyHKWHAX u3 L(G), 
YAOBJETBOPAIOMIMX OHOPOAHbIM CAaMOCONPAXKCHHBIM KpaeBbIM YCJIOBHAM, HallpH- 
Mep, NepBoH KpaeBolt 3aqaye. Tora mpH JocTraTouHO o6mIHX YCJIOBHAX OKa- 
SbIBAeTCA, ITO ONepaTopbl AudpepexuNpoBaHuA NMopsyka kR< 2m saBausaiorcs 
onepaTopamMu ApoOnoro nopsyKa k/ 2m oTHOCHTeAbHO OnepatTopa A. Jlo6aBae- 
Hue UX K OnepaTopy Lym MPHBOMT K 9JWIMITHYeCKUM OnepaTopaM B HallemM 
cmbicyie. TakuM o6pasom, judpepentivabuble onepaToppl 9,IJIMNITHYeCKOrO 
THNa BKJNOUaIOTCA B Haluw paccmorpenua. JloKa3aTembCTBO OTMEYeEHHOPO BBILIe 
(bakTa olMpaetcH Ha Teopemy 2, a UpoBepKa ee ycCJIOBH ocyllecTBAseTca 
C NOMOM[bIO HepaBeHCTB THNa HepaBenctBa JlaqboxencKol —T-ycepoi (7,*) 
M HepaBenctsa HupenOepra (9). 


Tocrynuso 
8 VII 1957 
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Horsaygn Akafemuu nayr CCCP 
1958. Tom 118, Ne 2 


MATEMATHKA 


A. JI. KPEMAHUH 


OB OJHOM CBOHCTBE MHO)KECTB, 93®EKTUBHO OTJIMUHbIX 
- OT BCEX ®-MHO)KECTB 


(ITpedcmaéaexo axademuxom C, J]. Coboaeeum 5 VII 1957) 


B paoore (*) (ctp. 135), mo aHanormu c npwHagmexauum IT. C. Hosn- 
KOBY UOHATHeEM aiPeKTHBHOM HecueTHocTH (1,7), BBeeHO MOHATHE MHO«KeCTBA, 
adpekTHBHO OTMYHOrO OT Bcex @-mHOxKeCTB. Tam »%xe JOKa3aHO, YTO BCAKOe 
MHOxKecTBO (B YacTHOcTH, CA-MHOKecTBO), 3(pPeKTHBHO OTJIMUHOe OT BCeX 
A-MHOXeCTB, COWep2KUT COBEPLIeCHHOe KOMMAaKTHOe aAqpo. B uacrosmel samer- 
Ke PaCCMaTPpHBaeTCA OHO U3 aJIbHeEHLIMX .CBOHCTB MHOxxKeCcTB, aPdeKTHBHO 
OTJIMYHBIX OT Bcex M-mHoxecTB. MbI NOb3yeMcA NpH 3TOM ONpeseseHuAMH, 
IIPHHATBIMH B (*). 


1°. Onpegenenue. Mbt ckaxem, uto ds-onepatua D o6bemMuseT 


8s-onepaiuio D (HIM CKaxkeM: WO aBIAeTCA OOBEMJIIOWNLEH OTHOCHTebHO OD), 
ecIM CylecTByeT Takoe OTOOpaxenve t(k) HaTypadbHOrO pala Ha ce6a, TO, 
KaKOBO Obl HH ObIIO mpoctpaHcTBo R, KO BCAKOH NOCcIeOBATesJIbHOCTH 


{F,, Fo,..., Fn} mHoxectB Fy tpoctpanctsa R MOXHO No_oOOpaTb Takyto 
MOC Je TOBATe JIbHOCTb Spe B Ja 4e Bee ...} MHOXKECTB F, KOTOpad YOB- 
JIETBOPAET CJICEyIOUMM TpeOoBaHHAM: a) fa BcAKOrO k PF, = Fw} 
Od Rete enk;,,.0) = OAR goReuk. G:F nt ves 


TlonatTve OObeMJIOUIeH OMepalluH, OYeBYAHO, OOJIaqaeT CBOHCTBOM TpaH3H- 
THBHOCTH. 

OrmeruM, uTo A-onepallua OObeMJeT ONepallMH HHXxKHeErO HM BepxXHero 
TIpeesoB. Z | 

Teopema 1. Ecau onepayua D o6eemnem onepayui DO u T ecmo mxo- 
ocecméeo mempuueckoeo npocmpancmea R, agoqbexkmueno omauuHoe om bcex 
D-mnoowecme npocmpaxcmea R, mo T agbpexmusro omausno om ecex D-mHo- 
ocecmée amoeo npocmpancmea. 

2°, JloxasatenperBo Teopemp! II § 4 pa6orr (*), a Tak»xe Teopema | 
HACTOAIMMeH 3aAMeCTKH MO3BOJIAIOT OKa3aTb CuIeAyIOULy!o Teopemy. 

Teopema 2. IIycme R— mempuueckoe npocmparncmeo u DY — és-onepa- 
yuan, oOvemmowad onepayulo HustHeeo npedena DY Uu onepayuto eepxNeeo 


npedena D. Ecau T (T CR) saexmueno omaurxno om ecex D-mxoocecme 
npocmpancmea R, mo T u R—T codeposcam 6 cebe, coomeemcmeeHHo, mHO- 
ocecmea E, u Es, o6nadarwue caedyiowuumu ceoticmeamu: a) cytuecmeyiom 
makue Ouckonmunyymo Dy u Dz, umo E, CD, E, GD: 0) Et 2. ace 
asiomcsn abcomomnomu Gs, B) E, ne omdeaumo om R—T Hukakum aoco- 
momuoim F,-mnoocecmeom, E, ne omdeaumo om T Hukakum abcoaomnolm 
F 5-MHOOKeCM6OM. 

JlokasateapcetTsBo. B cuny rTeopempr 1 T apiekTuBHO OTMMUHO OT 
Bcex @-mHoxectB, a TakxKe apPeKTHBHO OTMMYHO OT Bcex W-mHOxKECTB. 

Ormetum, uro teopema Il § 4 (*) HM ee AoOKa3aTebCTBO, NMpuBeeHHbIe 


HaMH Jia onepaun D, coxpaHsloTcaA UM AA @M, paBHO Kak H JIA BCAKOM 
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ds-onepanuu ©, o6sanatoulelt CeqyIOWMM CBOHCTBOM: TNyCTb JaHbl Mocseso- 
BaTeJIbHOCTh MHOxecTB {M,, Mo,..., Mn,...} HW MHOmecTBO M; ecu nouTH 
mua seex n M,zCM, to O{M,} CM; ecm me OWH ANA BcexX # 
MnD M, to M{M,}D M. 

He socnporspoqa Bcex oO6o3HayeHui u paccyxgenuli § 4 pa6or» (*), 
HanOMHHM JIMIUIb, YTO MbI IIPHBJIeKaJIM Be MOCJIe€OBaATeJIbHOCTH {Fo} u {Pap 
3aMKHYTHIX MHOXKeCTB TpocTpaHctBa R, YOBJeTBOPHAIOMWHX YCJIOBHAM: 
OCF. cCYaCF,CZ» gaa mo6oro n. Mp nomyywiM B KOHUe ynoMAHYy- 
TOrO MOKasaTeJIbCTBa JHCKOHTHHYyM D, SABJIAIOWIMHCA COBOKYIHOCTbIO BCexX 


t t t t tr th. thy 
rouek Buda yiPyoa wes fo 3 d' 1s pole cee oe ee Th. a 
Tria 
voy Pati 3 ++}, re v—PyHKuua, o6ecneunBalollad adpeKTHBHOe OTIMUHe T OT 
@M-mHOKeCTB; fy, to,..-, tr, teta,... UWpoOeralor He3aBHCHMO [pyr OT Apyra 
ipa 3Hayenua O u 1, a Gy, Jo,--+ 5 Vhs Inti + - +» —OMpPeeJeHHbIM OOpa3soM BBI- 


OpaHHble HaTypaJIbHble UHCVIa. 
Ilycrb © ecTb onepallua HWKHerO Mpezea. O6osHayHM TIOCTPOeHHbI IH 
aToro curyyad B (4) QucKonTuHyymM.D uepes D,. B cuamy cBoticTB dyHkKuMH y 


t tie 

MHoxecTBy R—T mpuHadexaT Bce Te UM TOMbKO Te TOUKH V{Fy’,...,fg5.+.3 
G th 

Bas ---> Fo,;...} MuckonTuHyyma D,, Aa KOTOpbIX MOUTH BCe Bepx- 

He WHeKchr fj, ty,..., tk»... UpHHuMaloT 3HayeHHe |. JlerKo MpoBepHTb 


B CHuly sToro, uto D,(R—T) ecTb cueTHOe BCIOLY MJIOTHOe MOAMHORKECTBO JMC- 
KOHTHHyyMa D,. CreqopatesIbHO, MHoxecTBO F, = D,-T saBaaetca aOcomoT- 
HbIM Gs, OTJIMUHBIM OT BCeX aOCOJIOTHBIX F,-MHOKecTB. Kakoso ObI HH OBIJIO 
MHoxecTBo M, zua Kotoporo E; C M CT, mpi umeem M-D, = £,. V3 atoro 


culeqyeT, uro E, ectb adcomoTHoe G3, He oTemuMoe oT R—T HuKaKHM 
aOcOJNOTHbIM F',-MHOKeCTBOM. 

Tlonaraa,, qamee, uro M ecTb onepallua BepxHoro Mpezea u oOo3sHauaA 
B 9TOM CaIyyae AUCKOHTHHyyM D yepes D,, MbI, B CHyY CBOHCTB PyHKUHH vy, 


t 
BHMM, 4TO MHOxwKecTBy TJ MpHHadiexaT Te HW TOJIbKO Te TOUKH v{Fy',... 


t th tr 
-109 Fo5...5 Fi y+-ey Fagss+-} ueKonTHHyyMa_D,,. Aviad KOTOphix | HodrE 


Bce WHAeKcbl fj, ty,..., tp, ... WpHHMMarIoT 3HaueHHe 0. 3 sroro, anamorHuHo 
IpeAbiAyilemy, 3aksouaemM, TO MHOKecTBO LE, =(R—T)-D, ecTb aOcomor- 
Hoe Gs, He oTAemuMoe OT T HuUKaKHM aOCOJIOTHBIM F'4-MHOxKeCTBOM. Teopema 
WoKasanHa. 

OtmeTuM TOT uacTHBIt curyyaH sTOH Teopembl, Korgja @ ectb A-onepanus, 
a T spasetca CA-MHOXKeCTBOM. OTOT YaCTHBIM curyyali Teopemb: 2 mMoxKeT 
pacCMaTPMBaTbCA KaK HEKOTOPOe JONOJIHeHHe K Teopeme IypepBuya ((%), crp. 51). 


Kppmmckult rocyapcTBeHHblit meqarormuecKHit HHCTHTyT Tloctynusto 
um. M. B. Opyx3e 3 VII 1957 


HHMTHPOBAHHAA JIMTEPATYPA 
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Hoxrnsags Akangemun nayx CCCP 
1958. Tom 118, N 2 


MATEMATHKA 
r. K. JIEBEJb 


HEKOTOPBIE BOMPOCbI TIPHBJIADKEHHUA ®YHKILMK 
- {OAHOM MEPEMEHHOM AJIFEBPAMYUECKHMM MHOLFOUJIEHAMHM 


(IIpedcmaeaexo axademuxom M. A. Jlaepenmbeesim 5 VII 1957) 


| Ilombsyxicb HepaBeHCTBaMH, KOTOpbIe ObIIH cPopMysHpOBaHbI B 3amerTKe (4), 
|W BBeJeHHBIMHA TaM OOOSHAYeHHAMH, MbI NOKaSbIBAeM PI MPAMBIX HM OOpaTHEIX 
_ TeOpeM TeOpHH MPHOJMKeHHA HeMpepbIBHbIX (PyHKUME are6pawueckKHMH MHOrO- 
qjeHaMu B MeTpHke L,(—1,+1), l<p<o. 

Teopema 1. JTycmo m—xnamypaaonoe aucao> 1, 1<p<o, 1+s— 


——> O u dynkyusa w(t) yoOoeremeopsem ycanoeuto Ae COC Crees OO Bae 


Toeda cywecmeyem Kkoncmaxma A= A(m,s,8) makaa, umo, KaKkoea Obl KU 
6olaa ynKkyus f (x), onpederennan na [—1,+1], umewwasa (m— 1)-1%0 a6co- 
AIOMHO HenpepoleHyto NpouséeodOnyto U UAMeepupyemyio 6 p-li Cmenenu npo- 
uzeo0nyto f'™) (x) nopsaOKa m, U KaKoe Oot HU OolA aNzeOpauuecKUt MHOZOUNeH 
P(x), cywecmeyrom mxHoeounenot Ppii(x) (i =1,2,...,m) makue, mo 
umeem mecmo HepaeeHcmeéeo 


fo (x) — P,, (x) 
g’ (x, n)@ [g (x, )] 


RD ie Pc @) 
gi tS (x, n) o [g (x, n)] 


Ly(=t. +) Lp(—1, +) 


(ag (est) EB es mad, Done) 


Teopema 2. Ecau f(x) umeem na ompesxe [—1, +1] m-w nenpe- 
poienyto npouseoduyto f'™ (x), yooeremeopsiouyio na [—1, +1] ycaoeuto 
Kea3ueNadKocmu 


F(a) #0 (a) — Of (BE*) | <M xy 40, 


mo cyujecmeyem nocaredogamenbHocms aneeOpauxtecKux MHOeOUNCHOE Pr (X) 
makan, 4mo 


F(X) — Pa(x)|<C(m) Mg (x, [g(x ) + FF] (n= 1,2,..,). 


Tak kak (cbyukuna f(x), mMeromjad orpaHMuenHyio Ha [—1, + 1] mpo- 
W3BOJHYIO, YHOBeTBOpAeT YCJIOBHIO KBaSHTJlaKOCTH, TO Teopema 2 ABUIACTCA 
mph m=O o6o6ujeHvem COOTBETCTBYIOMIErO pesyJbTaTa C. M. Huxkoup- 
ckoro (2), IpaByla, c 6osee rpyOok KOHCTaHTOH C (0). 


* ByactTuoctu, 9TO ycJloBve coOmofaeTcA [A & (t) = ¢° np B > 0. 
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Teopema 3. Ecau m-a npouseodnaa dynkyuu f(x), sadannol Ha om- 
peske [—1, +1], 062adaem mem. ceoticmeom, umo OAA Hee 
5 4 
LVI= AI Mle yain<M (I—s—>>0,p>1), 
mo cyusecmeyem nocredogamenbHOCMb aNeeOpaurtecKux MHO2O4NEHOE PQ 
makas, «mo 


| f(x) — P,, (x) 


(es 8 0) 


Mo eee (1) 


- nA 
Ly(-1, +1) 


IIpH m=1, s<O 91a Teopema caenyer u3 pesymptata M. K. Ilorano- 
pa (3), HO upu s >> 0, naodopot, pesymptratr M. K. Iloranopa cueflyeT u3 
TeOpeME! 3. 

Onpemenenue. ByeM ropopuTb, TO / (x), 3aqaHHad Ha OTpe3sKe 
{—1,+1], UpuHagqnexuT. K- Ksaccy HY (1) Lp, coorBetcTBeHHO 
K Kaaccy Hg) (2)L, (r—uenoe>0, 1<p<oo), ecm sBpMmouMAloTCA 
yCJIOBUA: 


pf) «VI— AVI — 2) — f (x) <M (*) 


o[|2|\Vi— x4 A Lyp(-1, +1) 
COOTBETCTBCHHO 
POV 1 — 1 — AV Pe eV eo ee 
— <M 
@ [|A|Vi=e4+ Py Lp(-1, +1) 
(O<A< 1) (#*) 


JIA HeKOTOpOH *yHKuUHH w(t), yYOBMeETBOPAIOWeH YCOBHAM Teopembl |. 
Teopema 4. Ecau f(x)€ HM (1)L, uau f (x) © HY” (2) Lp, mo cytwe- 
cmeyem nocaedosamenrbHocmb aAeeOpauueckux mHoeounenoe Py (x), OAH KO- 
mopott 
| f (x) — Py (x) 
| g(x, n)@[g (x, 2)] 


Cin) MS (a Sl oe (2) 


< 
Lp(-1, +1) 


Caenaem coorTBercTBylollee 3aMeuanue. IlycTtb Ha oTpeske [—1l, + l] 
3aylaHa (byHKuUHA f(x), HMeloljad Ha HEM HeMPepbIBHY!IO 7-10 IIpOH3BO]HYI0 
f°) (x), YHOBJeTBOpAIOMLyIo HepaBeHcTBy (mpH C = 1) 


PPO") (Xy) — Th Xe) | C Gs Cy en Os eg een (3) 


rye w(t) = sup | fo (x1) — f(x) |. 


|X —X2|<t 
Orcioja JIErKO CJeyeT, YTO UMe€eT MeCTO HE€paBeHCTBO 


p(x VT —  — nV T— ve) — f(x) 
w [|h|V 1 — x2 + 2] 


<1 (O<[Al< 1, |x]-<1), 


CJICAOBATeJIbHO, Ha OCHOBaHHH Teopembl 4, pH p= co cylecTByeT mocue- 
JOBaTeJIbHOCTb MHOTOWIeHOB Py (xX) TakKHX, U4TO 


| f(x) — Pn(x)|<C(m) gm (x, n)olg(x, n)], (n=1,2,...); (4) 


3TO HepaBeHCTBO HoOuryyeHo Bueppprle A. @. Tumanom (4). 

Ilyers 7 > 0, r= ra, rence = 0) 0 aol ix pm co; Iie 
onpenemenuio (cm. (°), crp. 261—326) myxnxuusa f(x) € H§)(—1, +1); M), 
€CJIH OHA HM ee TIpPOMSBOJHbIe JO NOpsAKa * BKIIOWHTeEABHO TIpHHaqnexKaT xK 
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iLy(—1, +1) u BbmonHmorcs HepaBenctBa 
pont 
( VFO e+ 8) — FO) Paey? <M (0 <a <1; 0<h<2); 

=) 
1—h 

Th) TES TaN Wp» 

\ | F(x +E A) + FO (x — A) — 2F (x) rae SMI (a= 1 0 ea 
A\a—+a 
Yenopumea fasnee, aro qynKuus f(x) €H,’ = Ay’ (— 1, +1; M), ecam 
OHA BMe€CTe CO CBOMMM TIPOMSBOHBIMA JO TopaqKa f BKUIOUNTebHO MpHHal- 
Jerr K Lp(—1, +1) mw ecam ua Hee RpIMOHAeTCA npn O<a< 1 Hepa- 
jBEHCTBO (%), rye w(t) = 2", a np « = 1—nepapencrso (* #), rarer hye 
Meany KlaccaMu Ao u HY? umeetca Tecuad cBasb (cM. Hue). IIpu 3Tom 
Hp paccmoTpexuu OMHOH U TOK xe CPyHKuMH BL, uv Le PyHKIWWH yKa3aHHbIXx 
PKJIACCOB OOHapy2XuUBalOT CBOLiCTBa, aHaJIOTHUHbIe TeM H3BeCTHbIM CBOiCTBaM 
(cm. (°), crp. 261—326), koropble uMeioT MecTo Awa dyaKuni Kaaccos HY), 
|3alaHHbIX Ha BCeH BelleCTBeHHOH OcH. OjlHako, HECMOTpA Ha HasMuMe TecHOLi 
‘cBsxi3H MexKAy dyHKumamn xKaaccon HY u AY, saqaua annpokcumanun (pyHK- 


‘mai f (x) GAY: asIreOpav¥eCKHMH MHOPOWJIeHaMH NOJHOCTbIO elle He paspelle- 


Ha. OrmeTuM, uTo u3 TeopempI | u Toro cbaxta, uro qua f(x)€HY*® cyme- 
CTBYET MOCJeFOBaTebHOCTb asIreOpawyecKHX MHOFOWICHOB Takas, YTO 
C(r) 
x) — Pa (x eee M— 
| F (~) — Pax) |e ia. ty < avg, 


‘ferko nouyuaetca pesybtat M. K. [loranoga (°). 

Ilepefimem Tenepb K OOpaTHbIM TeopeMaM TeopHH IpHOmMKeHuA tbyHKUHH. 
\IIycrb w(t) nenpeppipya Ha oTpeske [—1, + 1] 4 yyoBeTBopseT ycsIOBHAM: 
ib 1) w(t) > 0, ecm t > 0; 

2) w(t) Ha orpe3Ke [0,2] He yOnrBaer; 


3) y 1) [g (x, a’) <x G o [g (x, a)) . 


= g (x, a®) g(x, a) ; 
4) SS olg(x, a*)] <Coalg (x, a’+)] (C—Hexoropaa uocroaunas, He 
k=w+1 ’ 


| gaBucalad oT x u N) Ana HekoTOporo HaTypabHoro yuca a >|. 
| Byfem ropopxtTb, uTo w(t) yRoBmeTBopseT ycuoBuw (A), ecru 
BbInomHeHbI 1), 2), 3), 4), a ycaoBut (B), ecam Bemounenpt 1), 2), 4). 
Teopema 5. Ilycmoe f(x) onpedeacna na [—1, +1] u Onn nee cytye- 
“cmeyem nocaedoeamenctocmb aneebpaureckux mHoeouneHos Py, (x) Makan, 4mo 
eoinoansemca Hepaeencmeo (4). Ilycmo, Kpome moeo, w(t) yooeremeopnem 
ycaoeuto (A) uau (B). Toeda gynxyua f(x) umeem na [—1, + 1] nenpe- 
poleHyto npouseodnyto ie (x) nops0Ka m, yOossemeopsowyio @ caywae (A) 
nepasercmey (3) c HeKomopotl KoNcmaHmoli C u 6 cayuae (B) Hepasencmeam 


if (2c) — Ff (Xa) | < Coo [| 44 — xe |] In —— 


nN acne eine art 
| %1— x2| ’ 
| pm) (x1) zie pom) (x2) re opm (A) <Co (| xy = 5% ») (*1, Xs € [— 1, + aie 


OrmetuM, uTo tbynkuna w(t) =?" mp O<a<1 yfoBueTBopaeT ycwo- 
Buio (A), upH «= 1 ycnosmo (B). B stom ciyyae MbI MOJlyy¥aeM TeOPeMbl 
B. K. JisagpiKa (°)*. 


* Dra Teopema Oplia nomyyeHa HAMM ApyTrH¥M MeTOJOM, He3aBHCHMO OT B. K. J3aqpka, 
H JlomoxKena Ha CeMHHape MO TeOpHu NpHOmxKeHuA PyHKUAN B MaremaruyecKoM MWHCTHTYTe 
um. B. A. Crexsopa AH CCCP B xonue 1956 r. 


3 JAH, Tr. 118, Ne 2 
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Teopema 6. JIycmo r+ « — = >0 (r—yenoe>0, O<a<l) u Ann 
gynkyuu f(x)ELp(—1, +1), onpedenenHou na [— 1, + 1], cywecmeyem 
nocaedosamenbHocmb aneebpauueckux mHozounenoe Py (x) maKaA, 4umo 


| f(x) — Py, (*) 


JN wee 5)H 
ge (x, n) S ( ) ( ) f 
Toeda f (x) €& i ee 1, +1, CM), ede C — xexomopasn KoHCmaxma. 


Teopema 7. I]ycmo 4 ——>0 u Oasn dyrkyuu f (x) € Lp(—1, +1) cywe-h 
cmeyem nocaedoeamenbnocmb aneeO6paureckux mHoeouneHoe Py (x) (n = 1, 2,...),8 
daa KOMOpbIX uMeem mecmo Hepasexcmeo (5). Tozda f (x) € H¥t*(—1, +1; CM),M 
20e C — Hexomopas KoHCMmaHma. | 

Teopema 8. ITycmb m>0 yeaoe u f(x) o62adaem mem ceoticmé6om, 
umo OAS Nee Cytuecmeyem nocaedosamenbHocmb mHoeouneHoe P,y(x) maKas,® 
4umo 


ip 
Lea LEAN WO 
g(x, n) |[Lp (4+) 
Toe0a: 
1) ech 3 <0, mot @)eGHe | Lerten: | 
2) ecau s>0, m—+——>0, mo f (x) ¢H&-?-)(_ 1, 4.1, CMs 


20e C — HeKomopaAnA KoHCManma. 
OTMeTHM HeEKOTOPbI€e CBOHMCTBa (PyHKUHH pacCCMaTPHBaeMbIX KJIaCCOB. 


1) Ecam f (x) yaoBmerBopser ycmosuto (3), To f{x) € HY” (1) Leo. O6par-| 
HO€ BKJIOYeHHE BepHO AIA w(t), yYAOBeTBOpsIOMINX ycuoBuIO (A). 1 

2) Een f(x)@HY (r—nenoe S11), To f(x) €H2(—1, £1, CM) Be 
mipoc 06 OOpaTHOM BKJIIOUeCHHH OCTaeTCH MOKa OTKPbITHIM. 

3) Ecam f (x) € ie Q)Ly @()=t;0= ee Nj, To FOES Oye 

4) Ecan i) € Hp (—1, +1; CM), f (x)€ HS (—1, +1; CM), rae 
Us Wa a ars tocar ay (r+a—=>0). 

ABTOp IIpHHOCHT OslarogqapHoctb mpod. C. M. HukoupeKomy, 0X pyKo- 
BOJCTBOM KOTOPOrO BBIMOJIHeHa 3Ta padora. ' 


JHenponerposcKul rocyapCTBeHHbIi yHHBepCcHTeT Tlocrynuso 
uM. 300-meTHA BoccoeqHHeHHA YKpaHHE! c Poccuelt 27 VI 1957 


UWHTHPOBAHHASA JIMTEPATYPA 


1T. K. Jle6e5, WAH, 117, Ne 4 (1957), 2?C MHuxoascKu it, U3p. AHCCCP,. 
cep. Matem., 10, 295 (1946). _# M. K. Ilo ramos, JAH, 111, Ne 6, 1185 (1956). 4A. O 
Tuman, JAH, 78, No6, 17 (1951). §&C.M. HuxkoabecxKkuit, Matem. cOopx., 33 (75), 
2, 261 (1953). ® B. K. 391k, M38. AH CCCP, cep. matem., 20, Ne 5, 623 (1956). 
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Jlokzan» AKkanxemun Hayk CCCP 
1958. Tom 118, Ne 2 


MATEMATHKA 
JI. H, COLOBOAEUWKMN 
MIPOCTPAHCTBA C. JI. COBOJIEBA JIPOBHOrO NOPAAKA HW UX 
NPHJIOWKEHHE K KPAEBbIM 3AJAUAM JIA JM®eEPEHLIMAJIbHbBIX 
YPABHEHHHM B YACTHbIX MPOM3SBOAHbIX 


(Tpedcmaereno axademuxom B. H. Cmupxoeeim 28 X 1957) 


/ 1. Ilycrb E,— n-mepHoe mpoctpaHcTBo Toyek x = (%1,..., Xn)} M4, ..., Ip — 

HaTypaJIbHble YHCJIa, CYMMa KOTOPbIX PaBHa 71; E® bye ane TipocTpaHcTBa 
k 

touex xt) = (x)... x! oe (Ga , r). Tlycrs, ganee, Q — koneunpie 


hk 
uid Geckonetnpie o6uiactu E) y Q = il Q. Onpegenum dyHKuHonasbHoe 
k=1 


| MpoctpaHcTBo ann ; (Q) AH HeoTpumatembHoro J;,. Ilycrb cHayana /;,— We- 


noe uncno. Byxem ropoputb, ato f(x) € Wath (Q), ecmH ona nMeeT KBa- 


parwyHo cymMupyemble 10 Q o6o6meHHbIe MpousBogHble no x),..., xy lo 


nopaaka /,. Hopmy f(x) B W oy 


eco [Saha 


Yelp Q 


(Q) mlouloxKeM paBHoH 


Ilyctb Trenepb J, = [, MES) Tie [, — westoe HEOTPHUaTeJIbHOe oe ahk— 
) 
UpaBusibHad Mpo6p (O<d,»< 1). Bygem ropoputTb, To f (x)EW eh), (@), 


ecu f(x) € wl tr) (Q) Ww eCIH CXOAATCA BCe HHTerpadIbl 
x 


(R) 
(R) 
dx dy , 
(B) y(t) 2 
Li, Diy) = \ EAC ant | a oe (q<lk), 
gtk) Pe oa 
5 k R (1) (k—1) 
pe 0” —9x 0 weg, yE0™), ACD, P)iH=iO,-..8 
ery) Oy PG), 2s. ee, yh), KET KM), | AARY a YD 
np 
= [> (x) — y)?7'2, TIpa 3TOM T0s02%KHM 
Sai , 
L? 2 2 
Flyer co = (UFR um gy + 2y EADIE A) 
BOs Q) : 
Op mh ee 
IIpeqnomoxum tTenepb, 4To J;,..., [,— HeoTpHiaTesbHbIe uNca. Moi 


(Lp) 
rOBOpHM, TO f (x) ny an ies 4 (Q), eciH f(x) EW. (Q) mpH scex k 


yeeey 


r "le 
2 
(k= OM (Teed = p> IF litte) d 
fee laren LT lpyy ot [PlhpAteniry 0) ae W li 


She 243 


oly) 
OnpeyeseHne npg wi A). th), , Jerko oOOoOmlaeTcA Ha MOBepXHOCTH 
Buga T= SOM bes” , rae si — JlocTaTOuHO rulayKaf MOBepXHOCTb 6e3 
h 
Kpaa paenenneer ih, (1 <i, < n, — 1), JexKallad B E™, Tip# 1,=4=.8 


.=1,=1 mpoctpaHcTBo ae oe ,(Q) Mb Oyyem oO603Ha¥aTb Yepes 


ve (Q). BBeyeHuple BpILe byHKUHOHambHBIE IIpOCTpaHCTBa ABJIAIOTCA NOJIHLIMU 
THbOePTOBbIMH IpOCTpaHCTBaMH C HajexKallHM OOpa30M BBeJeHHbIM CKa- 
JIAPHbIM TpOH3Be/[eHHeM. 

Eco Q™ orpannyenbr jocTarouHo rvla{KMMH MOBepxHocTamu, TO 


i ; Pa soneg 

PEW ho ,(Q) Mox%kHO MpofoupKuTb B E, Tak, YTOObI ee TpososKeHHE 
. (lgacrd yy a 
P(x) EW ay Lobe H coBnayano c f(x) BQ. Tlostomy B JambHeHem : 


Mb, OyJeM pacCMaTpHBaTb Pos HOUpERETERHES Bo BceM £,. Kaxkjomy 
(hae 

mpeyqomwennio yaa f (x) eeials er ,(En) OyeT COOTBeTCTBOBaTb Mpey- 

(Uh ie 

ons » (Q). 


noxenne Jia f(x) Wa)” 
ie 


a) 
2. Leopemark, Lom f(x) EW. (), eryrg (En) tomy, +64, me yesee 
HeompuyamervHole wucAa, YyOosaemeopsNOLUe Hepasencmey 


panes 


m;, 
i ee ee 


k=l R 


my, m | 
mo f(x) umeem o606wennole cmewanHole npouseodneie euda D0)... Df € 


ee 
GW) 200 En) MOM, hs, cm, eee eee 
ITpu amom 


| Diy Deo tl a, <Clf le 


Lae es ft ae ree a 


20e C ne 3aeucumom f. (1) 


VWs sto Teopembl BbITeKaeT, 4TO pH / wWeNOM Hallie npocTpaHcTBO 
1 
WS (Q) 9KBuBaneHTHO COOTBeTCTBYIOMLeMy HpoetpanerBy C. JI. Co6omexa. 
3. B qambHeltiuem yOOHO ie pe Ew — OJHOMePHBIle IIpOCTpaHcTBa,. 
Teopema 2. ITycmo RO eW a” Pig wiles l<m<n—1}3' Sinaq,s.., Sao 
HEOMpuYyaMeAbHble YeAble “UCAA, ydoe.nemeop arowytie Hepagencmey 


n n 
Sp 1 4 
MSmtpesSn i >» Sin a Ok > a 8 (2) 
h h Lr 
=m-+1 kR=m+1 % 


Tozda no awbomy m-mepromy ceuenuto Em npocmpancmea E, naocKocmamu 


Xp=Cr (R=m-+1,..., n) oc606wennvie npouseodnvie D nae Dyin€ 
EW (lgpeealee) - . 

(0),..,e¢),9 (Em) © Uh = Poms suosyte (R= 1,2,...,m). pu amom 

Sm+1 
| Demy ++ - Dein fl (fiver = CWP nae (3) 
ds Lm) (Ee ) wh (En ye, 
¥ (),. eo era x(Q),., en 2 

ede C ne 3aeucum om f u ce (k= m+1,..., n). 

O6pamno, ecAu ONA KACOIX Sm4y,.++s Spy i Hage Hepa- 
eencmey (2), sadanet dynkyuu — gmt Sn) (x) & Weber! daa (Em 
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7 oye) (m) eae HL : 
(P= --  X")), mo cyugecmeyem drynngua f(x) CW os". (Ba), ydoane- 


MB6OPHIOLWAA CPAHUYHOLM YCAOBLAM 


Ss Ss AG icon Se) 
D iia Oat oe Fore bale) (4) 
k=m-+1,...,1 


rae (azo tp) 
6 CMbICNE CUABHOU CXOOUMOCMU 6 W a)... lin), 9 (Em). pu smom 


tz (Smppersp),, 
Di le batny ts) uy Sad le ae a4 


Uys wiles s m) (Em) 


x(1),..., (7), 9 BA 
20e C, He saeucum om oSmtairsn) (x), mele 
Ilomyuenupie TeopeMbI MMeIOoT MHOrouNCeHHpIe IIpusloxKeHuA B TeOpHH 
KpaeBbIX 3aflau IX ypaBHeHHH B YaCTHBIX MpOHsBONHbIX. 
4, PaccMoTpHM lowMrapMoHHyecKkoe ypaBHenne: 
A?’u = 0. ' (6) 
n—|{ ‘ \ 
Ilyctp D -— koneunaa o6nacTtb E, c rpanunelt S = >} Sm, THe Sm —p+1 
m= , ° 
paz HellpepbIBHO Auppepenuupyemad MOBepXHOCTb pasMepHocTH m uw B — Hane 
Ooulblulee M, YNOBJIETBOPAIOIad HepaBeHCTBaM . 
Ft 


hm =p—|"5"]—-150, l<m<n—1. 


IIpu sToM Mpeqnomaraetca, uTo pa3munpre S,, He HMeIOT MOMapHo oOmMXx 
Touek. IlycTb, Jasiee, v,..-,%n-m— MOHad CHCTeMa JIMHeHHO He3aBHCHMbIx 


HopMaeH K S». Ha kKaxgow Sm ompesenum HaOop dyHkunit oy re 


Peep eM hae ie PO, ty, ie Ara Hy ee I ae ls ey on ey Ee, ee 
OyeTcaA HalTH PyHKUMIO U = u(x) =U (xX,,..., Xn), YROBMETBOPAIONLyIO BHYTPH 
D ypapuennuio (6) w Ha S,», KpaeBbIM yCJIOBHAM 


Ou wD 
fn HO) 
OV Oy), Ss Pisces ffm (7) 

m 


XOTA Obl B CMbICsIe CMa6ol cxoyMMocTH B Lz, MO MOBepXHOCTAM, MapaJieJb- 
HHM S,,. VUcnomb3sya pesyabtath C. JI. Co6domepa (1) 4H Teopemy 2, MBI 
NOMYYHM Cyesyriollee MpesowKenne. ih 

Teopema 3. Jaa mozo umobu sadaua (6) —(7) 60t2a odKOsHALHO pas- 


: (1, m) 
peuuma 6 we (D), Heo6xodumo u Oocmamo4Ho, 4mobol ae nem Wo wine lone 


202 "1m —=p—l = . IIpu evinoanenuu asmux ycaoeuii Oana pewenun 


umeemm mecrmo Oeyxcmoponnee He PABEHCIM6O 


n—1 4m 


n—m - 
Cie DD Lop ttm ly tm) <M4H ker S 


m= 1=0 fis f [=1 (Sm) 
= Am n—im 
~< Cy ps > > oe Ip.m™ | whet, ms)’ (8) 
m=B6 l=0 ji... fj=1 2 


20e Cy u Cy—noanoocumenronole nocmosnnole, saeucsuiyue moacko om D. Hpu 
amom Kpaeeole yCAoeusn (7) é6biMOAHAOMNCA B CMOICAE CUAHOU CXOOUMOCML 6 


eee NO NAPAANeAbHbIM NoBepxXHOCMAM. 


Auanoruunple pesysbTaTbl MoryT ObITb NOJyYeHb! AIA KpaeBbix 3afay 
C HEOJHOPOJHbIMH KpaeBbIMH yCJIOBHAMH WIA WApOKHX KJIaCCOB OA HOPOJHBIX 
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9JIJIMITHYeCKUX yYpaBHeHHH HW CHCTeM, B YaCTHOCTH, AVIA CHJIbHO 3JWIMNTHTECKHX. 
5. B o6nactu D C En, orpaHwueHHoOlt TpHxK [bl HelpepbIBHO Aupepeniupy- | 
emMol mopepxHocTbio S, CTaBHTCA KpaeBpad 3aflaua: HaHTH pellieHHe ypaBHeHHA 


Au =f (x), (9) § 
YHOBJIETBOPAIOMLee KpaeBOMy YCJIOBHIO 
uls = 9 (x). (10) | 


9 


Ucnomp3syax tTeopemy 2 u pesysptaTpsr O. A. JlagbnKeHckol (*), OKaxKeM: 
Teopema 4. JIaa mozo umo6el sadaua (9) — (10) 62a odHOsHAa4HO pas- 


peuwuma 6 v2 (D), Heo6xodumo tu OocmamouHo, umobor f(x) EL2(D) uf 
e€WS$(S). pu eoinoanenuu amux ycaoguii Oana pewenusn umeem mecmo } 


OBYXCMOPOHHAA OYeHKA 


Ci lll Fo) +I Plyelesy) <|4\,@ 


ly 


(D) < a [| i hep) me | a) Ih sy] (1 1) 


2de C, u Cy sagucnam moacko om D. IIpu amom xpaeeoe ycaoeue (10) 4 
GbINOAHACMCA 6 CMbICAe CUAbHOti cxodumocmu @ W“)(S). 

AHaJIOTHUHbIe Pe3yJIbTATbI MOMKHO NOJYYHTD WIA KpaeBOH 3aauH Cc Kpae- © 
BbIMH yCJIOBHAMH Tuna HelimaHa u JIA 3aqauH Cc KOCOM NpousBo_HOH. Bce ® 
CKa3aHHOe B 93TOM TIYHKTe C HajlexKallMMH H3MCHEHHAMH paciipocTpaHAetca 
Ha KpaeBble 3alauH JI HeOMHOPOMHHIX CHJIbHO 9JJIMNTHYeCKHX CHCTeM. 

6. Paccmotpum teneppb B Q=Q x [0, T] (x€0Q,0<t<T) ypaBuHenne & 
TEM JIOMNPOBOHOCTH 


oe ues Cra), (12) 


Tloctrapum jin (12) cmMewanHy1o 3ayauy C HataJIbHbIM H KpaeBbIM yCJIOBHAMH 


Ulno = 9(x) (x EQ), ulp= (t,x) C=SX[0,T). (13) J 
Syecb S — TpHxKIbl HenpepbiBHO AudpepeHuupyemasn rpanuua Q. ; 
Vicno3ya Teopemy 2 u pesyapratar O. A. JlaqppKencKkoli (*), momyyuaem: | 


Teopema 5. J[ua moeo umo6e sadaua (12)—(13) 62a odnOsHa4HO 
paspeuuma 6 W$'%, (Q), Heo6xodumo u docmamouno, umobwi f (t, x) € Ls (Q), 
0 (x) EWP (Q), De (ty: %) Wee (T) u «mob ycaoeue  coeaacogaHHocmu 


@(x)|s= (0, x) eoinoaHAnoce 6 cMmbIcAe cuAbHoti cxodumocmu @ WS”, ITpu 
amom OAA peweHUusA Umeem mecmo HepaseHxcméeo 


Cr Ply aq) FY hyetet ay + level S 


<4 2.2) 9, < Call ee ly | pStlett eT eoule (14) 


20e Cy, u Cy 3aeucam moabko om Q. 


AnasorvuHble pesybTaTb! MOsyuaoTcH WIA CHJbHO MapaSommueckux 
CHCTeM. 


JleHuurpanckul rocyapcTBeHHbIli Ilocrymuso 
MejlarorwyecKHH WHCTHTYT LIV TO5 7: 


UHMTHPOBAHHAA JIMTEPATYPA 


*C. JI.C060.ae8, Matem. cOopu., 2 (44), 8.3, 465(1937). 20. A. Jlanuxen- 
ek aa, Becru. JIPY, Ne 11 (1955). 30. A. JlagpxencKkaa, JAH. 97, M 3 (1954). 
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Jloxnzann Akanemun Hayk CCCP 
1958. Tom 118, Ne 2 


MATEMATHKA 
CYHb IOH-WEH 


O HAWJIY4WEM TIPHBJIMDKEHHM KJIACCOB ®YHKLMG, 
MIPEJICTABHMbIX. B ®OPME CBEPTKH 


(ITpedcmaeaeno axademuxom H. H. Bozoawboeom 29 VI 1957) 
1. Hycth Hp (1L<p<oo) ecrb kaacc JelicrBurenbubIx ynKuui 9(t)EL? 
@ 


© NepHOJOM ©, YOBJETBOPSIOWHX YCNOBHIO | ol] = Vie ash <l,aHo— 
: 0 
Kslacc CYULeCTBeEHHO OrpaHHYeHHBIX M3MepHMbIX (yHKUAli o(t) c MepHogoM a, 
Asin KOTOpBIX ess sup|g(t)| <1. 
Ilycrb cbyukuusa f (x) RonycKaeT npeycraBseHve B (opmMe CBepTKH: 
{ a) 
[ (x) = =| K(t—x)e (at (¢ (2). € Hp), (1) 
0 
rage K (t)— dynkuna c nepHoyoM w, upnyem B culyyae L< poo K (t)eEL4 


a + cis 1) , aBcAydae p=1 K(t) HenpeppipHa. COoBOKyNHOCTb BCex 
dyukunh Buga (1) Oyqem o6o3HayaTb yepes C (K,H,). 

Syecb paccMaTpHBaeTCA 3afaua O HavJIyYleM MpHOsMxKeHHH KJacca (pyHK- 
uuu f (x), UpeqcTaBuMbIx B qopme (1), NocpefcTBOM IIOJIMHOMOB TO 3a],aHHOu 
cucteme Ue6pmuepa (1) HelpepbIBHbIX (yHKUHH Cc epHoqomM w {fp (x)} 


(k= 1, 2,..., mn); ycTaHaBJMBaloTca OOULHe POPMYVJIbI IA BeJMUMHI 
MY = sup En(f)e, 1<p<, (2) 
EH p 
rye 


iv 


Es ()e= mintmax i (x) — >) Onl re (*)| 


tp WNX<O Bal 
(x, — RelicTBHTeMbHbIe YHCa) eCTb Hanwyymee npHOmmKeHHe PYHKUHK f (x) 
MOWHHOMaMH 10 cucTeme {f, (x)}; HCCJIELYIOTCH CBOHCTBa SKCTPeMAJIbHBIX PyHK- 
mui fy (x), daa KoTopplkx En(fo)e = M\?), w usyyaiorca 3aBHCHMOCTH MerxKAY 
Besmunno Mi‘? vw naunyammm npHOmmxKeHvem cooTsetcTByiomjero aAqpa K (t) 


B MeTpHKe L/%. , 
Jaa cnyyaa p= 97a 3afaya usy4alacb panee Mapapom (?), Axnese- 


pom u Kpefinom (3), Hanem (4), Huxonpcexum (°) APs 
2. Mycth 0< 4 < Xp < 0. <CXnt1 << @. Hostoxum (°) 
fi (x1) fa (%2) «fa pe) fr py) > Ah (% py) 


Te eee ee 


fn (*) hi (X2) Ong ts Ge) Ps (%j44)-- ip (Xp 44) 
n+l M; 
M=>\M, a=(—lim (=1,2,...,9+)). 
i=l 
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Uepes a” Gyyem o6osHayaTb 3HayeHHe a; Mp ee xl FST, 2; & 
..,n+1), a sepes {x)}—cucremy ToueK 0< Oa a. xt eee 
B jambuelimem ok veObileBCKHM aJIbTepHaHCOM (PyHKUMM f(x) Oy nem NOHH- 
MaTb CHCTeMy TOUeK {x0}, B KOTOPBIX PpaSHOCTb JaHHOH PyHKkuMu uM ee NOMH- 
HOMa Hawsmyuwero MpHOmmKeHMA TIPHHuMaeT MaKCHMaJIbHbIe sHayeHMa Ep (fo)e 
C YepesyIOUIMMuCA 3HaKaMu. 

oy Gl yaa b= p< 20, 


Teopema 1. ITycmo K (t)€L4 (C+ 5= 1). 


Toeda: 
@o n+l ul 
MP = 42. max AVP aiK (t — x) |*at| S (3) 
> 0S <-+ <n p1<0 |e fat 


2°. Cywecmeyem dynxyua fo(x)€C(K, Hp), O2a Komopoti En(fole = 
== '?) 

3°. Maxcumym @ gopmyne (3) Oocmueaemca OAA mex U mMoAoKO mex 
cucmem mouex {x\}, Komopole ABARIOMCA LeOoUUesCKUMU ANoMepHAHCaMU OAA 


Hexomopolt akcmpemanronot mynkyuu f, (x). 
Boo6uye roBpops, SKCTpeMaJibHad PyHKWAA f, (x) He eCMHCTBeHHA. 
B cayyae 1<p<(oo Kamjlad 9KCTpeMalibHad (yHkKuHA fy (x) ONpeqena- 


eTCA eMHCTBeHHOH byHKuMelH ,(t)€H,. na Toro uro6p mp M?) >= 
(byHKIMA 0) (t)€ Hp onpewenana SKCTpeMaIbHy!o (PyHKUHIO f, (ft), HeEOOXOZMMO 


WM JOCTaTOUHO, UTOObI CyMeCTBOBaJia CHCTeMa TOUeK {x!) taka, 4TO 
‘ oO Atl 
(orn (0) (0)) [7 74\ 419 
MY?) = lies aK (t — x) Fat\ 
M MOUTH BCIOLy 


colt) = {bg\" "| 5) ol (¢— 2?) [sien | 
i=l 


aM?) 


n+ 


>) aK (t—x?)| 


i=1 
Ha oTpeske 0O<t<o. 
OKcTpeMabHad (yHkuNA f)(x) CEAMHCTBEHHA B TOM H TOJIbKO B TOM culyyae, 
eclH Bce (PYHKUNH 
n+1 n+1 


[Dd aK ¢— 2) | sign {> aK ¢ — x} 
ge 


fe 
copnayaloT mouTH Bclogy Ha [0, w) AIA BCeX CHCTeM TOUeK aus WA KOTO- 
pbIxX JocTHraeTcA MaKCHMyM B (bopmyusie (3). 

B ciyyae p=oo ofa HW Ta Ke SKCTpeMasbHaa (yuHkuna f, (x) MomKeT 
OMpeAeMATLCH PasJIHYHIMH (PYHKUMAMM p(t) Ho. [aa Toro uro6pi byHKnust 
0) (t)€ Ho. olpeqeiasia IKCTpeMasbuy!O (yHKWHIO f, (x), HeOOxoAMMO u JocTa- 
TOUHO, YOO cyulecTBOBasa cucTema ToueK {x!°} Taka, uTO 


® n+1 


MS = =\| 3) aK ¢ — 2) | at, 
O46 al 
n-+1 
% (t) = sign dy aK (t —x!)| 


i=1 


MOUTH BCIOy Ha MHOKecTBe 
n+l 

Et: > aK (¢— x?) + 0}, mes G >0. 
i=1 
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Jina Toro 4To6bI cyllecTBoBaJa eqMHcTBeHHad byHKuA 09 (t)€ Ho, ompe- 


ACIAIOULAA SKCTPeMaJIbHy!0 WYHKUHIO f, (x), HEOOXOAUMO H OCTAaTOUHO, YTOOR 
Bce (yHKUHH 


n+1 


sign > aK (t — x{ )} 


i=] 


coBllalasM mourn Bclony Ha [0, wm) AA BCex cucTem TOUeK {x0 JIA KOTO- 
pbIX MOcTHraeTCA MakKCHMyM B (bopmyuie (3). 


B caeqyioujux Byx Teopemax MbI npegnonomuM, ¥TO K (t) & L¢[0, 2x) 
4 
(1 < q<. 00);. 9 (¢) G Hz [0, 2x) (= - z = 1) ; T,(t)— rTpHronometpuyeckuit 
MONMHOM NlopaqKa He BEE n, a Eq (f)e = min |f (x) —Tn+ (x) |e, rae f (x) — 
ze Up. ‘i 


- 1 
00a HeMpepbiIBHad (byHKUAA c TepHogom. 2r. 


Teopema 2. Iycme K (t)€L7[0, 2x) (l<q< oo) u 


Pd 


f(x) = =\ Kit—*9| (at, (4) 
2de o(t) € Hp (0, 2n). 
Toe0a 
eae dh lq 
Sp Eo (De< = min i JK) — Tra (t)edth (5) 


{ 1 
20e Ret fae iseoks 


Ecau 1<.p<.0oo, mo Oana moezo, umobol Hepasencmeo (5) oOpatyanoce & 
paeencmeo, Heobxodumo uU Oocmamo4no, 4MoOObbl CYLWeCMBO0BAaAA CucmMema mo4eK 


Ox? <-- six) << Qe maxaa, amo: 


2m 2n 
1°. sup En (f)o = = ‘\ | Da WOK C= x) Fae\, (6) 
eEHp iP i=] 
20e 
a 209 pe Ome) 
BS (167 = 2) QO, jl sin ae 
ee 
2h pO 1, Ok Gee oP Sh ee 
ae sign {Kn (t — x1”)}-sign {Kn (t — xifs)} <0 
noumu eciody Ha ompeske Ot <2n, i= 1, 2,..., 2n—1. 


3°. Bee dyxKkyuu | Kn(t — x) | nponopyuonanonel Ha ompeske O<t <2r, 
i=1,2,...,2n, ede K,(t) = K (t) —Tn-a(t), @ Tn-1(t) —noaunom Hauays- 


weeo npubsuscenua gynxyuu K (t) nopsadka n—1 6 Ibs 
Ecau oe p=oo, mo Oaa ob6pawenusn (5) 6 paeexcmseo Heobxodumo, 


0 (0 (0) 
umo6el cywjecmeosana cucmema mouek O< xq? < xy? Ce <r << xn << Oe 
makas, 4mo: 


QT 


1°, sup En (fe = =\ aK (ee tiny led (8) 
6 Hey wy 5 i=1 
2°. sign {Kn (t — x)}-sign {Kn (t — x84)} <0 
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noumu ecrody Ha ompeske 0O<t<2nr, i=1,2,...,2n—1, ede Kn(t) = 
= K (t)—Tp_1(t), a Tr (t) — a1o60ti noaunom Hauayuueco npubauoienus 
6 Cpednem Gdynkyuu K (t) nopadxa n— 1. 

Ecau amu YCaoeus yoosneméopeHbl OAA HEKOMOpPOeO MpueoHOMEeMpuU4eCKOeO 
noautoma Tn 4(t) Hauayaueeo npubauscenua 6 cpednem dynxyuu K (t) | 
nopadKa n—1, mo (5) o6pawuaemca 6 paeencmeo (°). 

Teopema 3. Ecau K(t)EL, K(t+2r)=K (t), 9(t) — a6aa nenpe- 
(polenan yHKuUA C Nepuocdom 2x, 


rr 


(x) = uy K (t —x)¢@ (t) dt, (9) 


2m 86h 


Exes z{ max (|X aKe—x)|dthEv@e (10) 
Tv O<41< ++" < Xan <2M & ag 
20e a; — PYyHKYUA om napamempos x; (1<j<2n, j#i), onpedenennas (7). 
Hepasencmeo (10) yayauumo Hero3a. 
CaeactBue. JTycmo f (x) —nepuoduseckan gynkyua c nepuodom 2r, 
umerniuasn Henpepolenyto r-1o npouseodnyto f'") (x); moeda 


En(fe< En (Fe 21, Qo (11) 


Ecau oe conpsstenHan yHnKuUA fe (x) umeem Henpepblenyto r-1O npous- 
eo0nyro f(x), mo 
FP Brame 
— EAU at, isola (12) 


nh 


En (Ne 


30eco K,, K,—xKoncmanmor @Paeapa (3,"). Koxcmanmo: yayuuumo Hero3a. 
4. Paccmorpum Tenepb curyyali p= 1, K (t)€C[0, w). Tycrb Hy—xaacc 
qpyHkuan g(t) Cc orpaHHyeHHbiImM usMeHeHHem Ha [0, a] c Hopmoli || g||y = 


=) ldg|<1. Tlonoxum 


0 
@ 


F(x) = =| Kita) dg (). (13) 


8 


Teopema 4. Ecau K (t)€C[0, w), mo 


MY = max En (Fle = = En(K)e- (14) 


&.6€Ay 


Ita padora BbINOHeHa TOA pyKoBogcTBom C. B. Creakuna, Koropomy a 
BbIpaxkalo riy6okylo OslaroqapHocth. 


MockoBckhii rocyJapcTBeHHbIli yHHBepcuTer Iloctynuso 
uM. M. B. JlomMonocopa 24 VI 1957 


UHMTHPOBAHHAS JIATEPATYPA 


*H. WH. Axwesep, Jlekuuu no Teopuu annpoxcumauuu, M.—JI., 1947. 2 J. Fa- 
vard, Bull. des Sci. Math., 61, 209, 243 (1937). 3 A.W. Axnes ep Menke preiiars 
LAH, 15, 107 (1937). 4B. Nagy, Ber. d. Math.-phys. Kl. Akad. d. Wiss. Leipzig, 90, 
103 (1938). °C. M. HuxkoapbexKu i, Usp. AH CCCP, cep. matem., 10, 207 (1946). 
6 E. A. Pemes, O6mmue ppruncnuTenbHBIe MeTOJbI uebLIeBCKOrO npHOmHxKeHHA, 1957. 
*C, B. Creukuu, H3n. AH CCCP, cep. matem., 20, 197 (1956). 
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Hornaygo Akayemun nayx CCCP 
1958. Tom 118, Ne 2 


MATEMATHKA 
r. C. XOBAHCKHK 


®OPMbI 3ABHCHMOCTEH, OBJIAJAIOU[MX JONOJIHUTEJIbBHbIMH 
BO3MO)KHOCTAMH JJIA MPEOBPA3OBAHHS HOMOrPAMM 
C OPHEHTHPOBAHHbBIM TPAHCITAPAHTOM 


(I]pedcmaeaexno akademuxom A. A. Jopodnuyoinoim 28 VI 1957) 


B paOorax (7,”) HaMH ObIIH HaliqeHbl HeKOTOpbie (OpMbI 3aBucuMOcTe;, 
| HOMOrpaMMbI C OPHEHTHPOBaHHbIM TpaHCiapaHTOM Is KOTOPbIX OGsaqaloT 
JOUOJIHUTEJIBHBIMA BOSMOXKHOCTAMU JIA MpeoOpasoBanuaA. Tenepb MbI IpHBe- 
Mem [pyrue dopmbl, OOJlafatoulHe aHaJIOrHuHbIMH cBolicrBamu. TIpeynosara- 


e€TCH, UTO TpaHCNapaHT HeCeT TOJIbKO UIKaJIbl, HeEMbIe IIKaJIbl WI (pHKCHpo- 
BaHHble TOUKH. 


1. Popma 


fio + 210834 + fra = 0 (1) 
(fia S12) sa» [3a — COKPALCHHble OOO3HAYeEHUA (PyYHKUHH fyo (% 1, %2), Pre (Hy, &e), 
25a (%3, %4), faq (%g, %4)) MOMYYAeTCH B pesyJIbTaTe MCKsJOUeHHA BCMOMOraTeJIb- 
HOrO TlepeMeHHOrO 8 H3 CHCTeMbI ypaBHeHHit 


fio t+fe=—B8, Ig gietl¢ go. = IgB, 


KOTOPad MOXKeT ObITh IpeAcTaBJieHa HOMOrpaMMOH C OPHeHTHPOBaHHbIM TpaHc- 
flapaHToM. ByarofapA HasiMuMiIo Ha TpaHciapauTe JByXx HECOBMa\alOULAx 
(PHKCHPOBaHHbIX TOUCK MPeACTABJACTCH BOSMO?KHBIM Pa3beAMHeHHe CeMelCTB 
JMHU B JNOOOM H3 ABYX OHHApHbIX MOJIeH (a1, %2) HIM (%3, %4) HENOABHXKHOH 
muiockocTH. B ypaBHeHHA 3JIEMeCHTOB HOMOrpaMMbl MO?KHO BBECTH JOMOJIHE- 
TeJIbHO 9 napametpos. J[ma 9Toro sanMuiemM ypaBHeHHe (1) B Buse 

0 he 1 

1 £12 

&34 — fs nl 

1+ gs, 1+ gaa 


YMHOXKUM ypaBHeHHe (2) Ha YHCJIOBOH ONpeeJHTeJb 


Qi G12 43 
Ao} Ao2 Ag | = O, (3) 
a31 G32 A433 
a 3aTeM pa3JIOXKHM TOJYIMBIIHHCA OMpesesHTeb MO 9ueMeHTAaM TpeTbeli 
ctpoku. B pe3ysbTaTe NOuJyYHTCA ypaBHeHWe, UMerollee Buy (1), HO cogep- 


Kalee 9 MapameTpoB, H3 KOTOPbIX CYNL€CTBCHHbIMH ABMAIOTCH 8 TapaMerpos. 
BaxkHbIMH WacTHBIMH cuIyyaimMu Copmbl (1) ABJAIOTCH 3aBHCHMOCTH: 


pa ee 

aes ae 34 
ae h got goa’ 
fea Zsa 1 


fifefsa + (fr + fe) sa + hss =O, fifsa + fefsa + Moa = 9, 
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peCTaBHMBbie Tak2%Ke HOMOrpaMMaMH U3 BbIpaBHeHHbIX TOWeK. HoOBbIM IeHHbIM 
CBOMCTBOM HOMOrpaMM C OPHeHTHPOBaHHbIM TPpaHClapaHTOM JWJId STHX 3aBUCH- 
MocTeli ABJIACTCA BO3MO2KHOCTh pa3beAMHeHHA CeMeHCTB JIMHM B OMHapHbIxX 
NOWJAX WH Ooslee IWHPpOKHe BO3MOXKHOCTH IA NpecOpasoBaHkHa. 
2. Popma 
hie g12 1 


fea Gsa 1) = O, (4) | 
iss E56 1 


npeycTaBuMax HOMOrpaMMOi 3 BbIPABHEHHbIX TOUCK, MOKeT ObITb ToMyyeHa 
MyTeM HCKJOUCHHA BCMOMOraTeJbHBIX wepemMeHHEIX B, y H 5 H3 CHCTEMBI 
y paBHeHuli 


fiz — PB = fea ¥. = Toe —4, Ig gy—lgB = lg gaa — Igy = 1g G56 — Ig 8, 


WOnycKalowleH NOCTpOeHHe HOMOrpaMMbl C OPHeHTHPOBaHHbIM TPaHCllapaHTOM. — 
YMHOXUB ypaBHeHHe (4) Ha UMCOBOH onpewetuTedb (3), CHOBa NOJyuMM 
ypaBHeHwe tuna (4). TakuM lyTeM MOxKHO BBeCTH B ypaBHeHHe 3JIEMeCHTOB 
HOMOrpaMMb! 9 JOMOJIHHTeJIbHBIX -apameTpos. IIpe“myulecrBo HOMOrpaMMBI C 
OPHeEHTHPOBaHHbIM TpaHcnapaHTOM JWI 3aBHcHMOcTH (4) cocTOHT B OOJIbIIMX 
BO3MOXKHOCTAX JIA MWpeocOpa3soBanHaA. 

3. CucTeMa ypaBHeHulit 


fio—fro=Tsa—Ts, 812 — 27 = Bsa — Ss = Boe (5) 
yolycKaeT BBefeHve B ypaBHeHHe MOJIA («;, %) OMHOH MPOH3BOJIbHOM PyHKUMH, 
TaK KaK YpaBHeHHA (5) MO%KHO 3alucaTb B Buse 

fie—fo=fsa—fs=Tse—B, S12— 82 = Bsa — Bs = Sse — 9, 


rae 75, — MpOusBouIbHasd (byHKuHA, 8 — BCMOMOraTeJIbHOe MepeMeHHOe. 
ck mouad 43 ypaBHeHHlt (5) MepeMeHHbIe «, HM %:, NOomyyHM dopmy 


Tie + ® (S56 — S12) = fsa + F (S56 — Saa)- 


BaxkHbie 4acTHble cyuan: 
o (opt F(t), gy, = tee 
he x V19 fa sa Pee Vie = vsa 
[locJleqHAA SaBHCHMOCTb, ABJAIOWacA OOOOMleHHeM (bOpMbI MATOrO HOMO- 
fie + fea 


diet bee’ 
JONOHUTEIbHbIeC BOSMOXHOCTH JIA TpeoOpasoBaHuA Hs80Opaxkalouleli ee HOMO- 


TrpaMMbl, TaK KaK MOET ObITb 3alHcaHa B Bue 


A256 + Ais — (G1 + Afra + Ashre) + (= au + Qiefsa + Aissa) 
A2255 + Ag (221 + As2f12 + Qoghie) + (— doi + Goofsa + aoshga) ’ 


THE Qy1, V2, Qy3, A1, Age, G23 — MapaMeTpbl. 
Ucksmioyaa 43 ypaBHeHHli (5) mepemMeHHBIe a H & H H3MeHAA HHAeKCHI, 
nowyyumM dopmy 


rpauyeckoro Nopaqka c (ByMA OnMNapHbIMH oAMH ; = uMeeT 


fo + fsa = F (1, So + S56) + P (Sasa — Boe): 


Baxkuble wacTHble cyryyan: 


fot fsa = P (41, Pose) + o (7), bse = ae 


Mcksovan “3 ypaBHenuit (5) mnepeMeHHBIe % HU % H H3MeHAaS HHACKCHI, 
NOy4YHM cbopmy 


F (1, 82 + 256) — fo = (%3, G4 + B56) — fa- 
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BaxkHble ¥acTHble clyuan: 
F (a1, Potbse) -— fo = © (%3, Dabss) —fa, Vso = Rote: 
4. Cuctema ypaBHenuit 
hie—fr=fse. 812-82 = Sa (6) 


AonyckaeT BBeJeHve B ypaBHeHHH Mosel (a3, %) HU (%;, %) MO OMHOU MmpoHs- 
BOJIbHOM (PyYHKIMH, Tak Kak MOKeT ObITh 3anMcana B BHe 


hia -- fe = T3, —B = f55 — 9, 12 — £7 = Su —O=T 5, —v, 
rye T3, H T5,— UpousBombuble cbyHkunH, 8 u y— BCMOMOraTesbHbIe Mepe- 
MeHHEIe. Hite 


Uckmovaa 43 ypaBHienuli (6) nepemeHHoe «,, nomyuum cbopmy 


foe = fig + F (212 — Sas). 


BaxkHble 4acTHbIe CJlyuau: 


Ise = Tig + 13 (=), hie ae Diobsa ae ise = 0. 


TlocaequadA 3aBACHMOCTb SABJIAeTCH O6OOnLeHHeM (cbopmbI Kom c OHHapHbIM 


noweM fis + Props + fa = 0. i 
Uckmtovai 43 ypaBHeHuli (6) nepemenHoe a, HM H3MCHAA WHAeKCHI, MOsy- 
| gum dopmy 


fi = F (fe +f se, 22 + Ss). 
BaxkHble YacTHBbIe cJlyyan: 


| fi=F (P56, Popsa), f=F (e + Tse Poza) 


f = fo + fae 
1 go+ G34’ 


ft = 92956 35 Dotga- 


5. Mopma fs, = fig + fsa MOMYcKaeT BBeAeHHE B YpaBHeEHHA NOMek (a,, %>), 
(%3, %4), (%5, %) HOMOrpaMMbI TO OHO MpOWSBOJIbHOH (pyHKUMH, Tak Kak 
MOXKeT ObITh 3allcaHa B Buse 


(fro + T12) — 8 = T3531 —¥ = Ise — 9, T12—B = faa —O =T 5, —8, (7) 


rae Ty, Ts1, Ts. — MpOusBOubHbIe (pyHkunH; B, y, 6 — BCHOMOraTeJIbHble Mepe- 
mMeHHBIe. YpaBHeHua (7) OTKPbIBaIOT HOBbIM IlyTb MOCTPpOeHHA HOMOrpaMM C 
TpeyFOJbHbIM TpaHciapaHTom (°). | 
Ecam OlycTHTb MpvMeHeHHe MpospayHoro TpaHciapaHTa, TO NOJly4uM 
aWaJIOPHUHble POPMBI, coRepxKalve 9 nepemeHHbIx. Tak, HallpHMep, (popma 


S12 — F (a, fis — fee + fo) = £54 — D (4%, hae (8) 


WM ee YaCTHbIe CJYy Va 


P12P9\ __ _o (« a G56 «P7212 — Pasa 
Sum (2 P56 ) Sea Se Ore EDS g12 — gaa 


JlONYCKaloT BBeeHHe OAHOH MPOMSBOJIbHOH PPYHKUMM B YpaBHEHHA NOMA (a5, %). 
@Dopma 


oy = F (fio —fsp tio. S12 — G4 + Bs) (9) 
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WM e€ YaCTHBIe CJY 4a 


P1299 Yr2a\ = = Pros 
tg = F (Sate, ate) , tq = F (fis ise t To, a), 


j Zs fie — foe + fo j es ua! Virose 
3 Z12— sa + Bs’ a P56 Usa ” 


fo+fse—lo = fie + dre _ 


WONYCKaloT BBeeHHe NBYX MpOH3BOJIbHBIX (PYHKUMH (OHOH B ypaBHeHHA TOJs | 
(a, %4) H OMHOH B ypaBHeHHA Noa (a5, %)). M, Hakone, bopma 


fie t+ fsa + hss =f2 + fe + To (10) |} 


WONYyCcKaeT BBeJeHHe TpeX MPOH3BOJIbHbIX (PyHKUMH. 
@Mopmpr (8), (9) Hu (10) sBastoTca OOOOmleHHeM (pOpM 3aBHCHMOCTeH C 
IN€CTbIO He€peCMeHHBIMH, paCCMOTPeHHBIX B mM. 3, 4 u 5 


BbrmuvcIMTeIbHbIi ~WeHTp Hoerynuso 
Akaylemuy HaykK CCCP 28 VI 1957 


UHMTHPOBAHHASA JIMTEPATYPA 


1T. C. Xopauckuit, BemucautenbHad MaTeMaTHKa H BbIUHMCAHTebHad TeXHHKa, & 
c6opH. 2, W3g. AH CCCP, 1955. ?T.C.Xopaucxku it, Tp. 3-ro Beecows3H. MaTeM. cbe3jla, 
2, 1956, crp. 143. %T.C. XopauncKkuk, CO6opH. BpuncnutenbHad matTematTuKa, 2, 
Msn, AH CCCP, 1957, ctp. 160: 
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Jloxnaygn Akawemun nayr CCCP 
1958. Tom 118, Ne 2 


CHUPABIINKA. 


E. M. MAHCKHH 


CTATHCTHYECKOE OBOCHOBAHHE YPABHEHHMH 
®WJIbBTPALMOHHOFO JBYDKEHUS 


(ITpedcmasaeno axademuxom JI. H. Cedoerim 21 VI 1957) 


OcHOBHOH OCOOeHHOCTHIO (PHJIbTPalMOHHBIX JBMXKeHHH ABMAeTCH MX cTa- 
THCTHYeCKHH XapaktTep. M3yuaioTcaA He JBHXKeEHHA OTICIbHBIX CTPyeK 2KHKOCTH, 
MpOXOJAWMX MO OTIeJIbHbIM NOPOBbIM KaHaJlaM, a J[BHXKeHve, OCPeHeEHHOe- 
mo momepeuHomy ceyenuio noToKa. [Ipu mepexoje OT HCTHHHbIX JBHKeHHH, Mmpo- 
MCXOJAMUX B OTICIbHBIX NOPax, K OCPeJHEHHOMY (PHJIbTPalMOHHOMY JBHXKeHUIO: 
mpeqnovlaraeTcax, YTO XKHMKOCTb Kak Obl 3€HHMaeT BCe IIPOCTPaHCTBO, BKIIOUaA 
M TBeplbIi ckeleT H NOpoBoe mpocTpancTBo. Bneppple NOMbITKy OTUeTJIMBO 
IIPHMCHHTb CTATHCTHYeCKHE METOJbI K HCCIeOBaHHIO CPUIbTpallun NpeANpHHA. 
Iefiyerrep (1,7). OgHako mpelaraemple HM MeTOMbI OUeHb CJIOXKHI, a pac- 
CMaTpHBaeMaxA CXeMa He BMOJIHE COOTBeETCTBYer H3y4YaeMOMy Ilpoleccy. 
Bovlee MpoctTble pe3yJIbTaTbl MOXKHO MOJYYMTb, IpMMeHuB K HCCeMOBAaHUIO *PUJIb- 
TPaUHOHHbIX MBH2KeHHH XOpOwIO paspaOoTaHHbIM alnapaT Teopuu TypOyuleur- 
HOCTH. 

Ilopuctanx cpeqa cocTOuT M3 YacTH pasHooOpasHbIX pa3MepoB HU (popM. 
Mexy “acTHiaMH MMerOTCA MYCTOTHI, NO KOTOPbIM HM MpOXOAAT OTJeJbHBIE- 
CTPyHKH %KUAKOCTH. OcHOBHOH XapaKTepHCTHKOH, oONMpesemArouleH pacipeyeme- 
HHe CKOpocTeH NO OTJeIbHBIM CTPyHKaM X%KHAKOCTH, ABJIAeTCA KPHBaA pacmpe- 
JIeIeHHA IyCTOT B NOMepeyHOM CeyeHHHU MOPUCTOH cpelbl NO UX pasMepaM. Kax- 
Wad OTAeIbHaA CTpyHKa NOUHHAeTCA OObIUHBIM ypaBHeHHaAM HaBpe — Crokca. 
HW TeueT CO CKOPOCTbIO, CAMHCTBECHHBIM 06pa30M ONpesleIAeMOM STHMH YpaBHeHH AM 
HM TpaHHuHbIMH YCJIOBHAMH. Pasmu4uA B XapakTePpHCTHKaX OTJCIbHBIX CTPyeK. 
OMpeeAIOTCA TOJIbKO pa3MepaMH HM (GhOpMoOH MOpOBbIxX MYCTOT. 

CpeqHve ckopocTH He NOYMHSAIOTCA ypaBHeHuaim HaBbe — Crokca, u WA 
MX OMpeeIeHHA JOJIKHbI ObITb BLIBECHbI HHbIE ypaBHeHHA. PaccMOTpHM Nore- 
peuHoe ceyeHve NOpHCTOH cpebI, KOTOPoe MpoweT NO 3HaYMTeIbHOMY KOJIHUe- 
CTBY UacTHL, COpMHpyIOUIHx cpey, HM MepeceyeT MHOTOUHCJICHHLIC CTPYHKU: 
*KUKOCTH. Kaxkyad oTelbHad CTpyHKa NMOJYYHT B CeYeHHH CBOH pa3Mepbl 
M (OpMy H CBOIO CKOPOCTb. OTH CKOpOCTH Ha3bIBaIOTCH MeECTHHI M 4H. 

CkopoctTb, OcpeyHeHHad TO BCeMy NoMmepeuHoMy ceyeHuto S, BKIIOUAaIOMLeEMy 
MIOWatb CeYeHHA HW MKUAKUX CTpyeK HM CKewleTa, Ha3bIBaeTCH PU I bT Pp a 
WHOHHOH. CymMapHan miomalb Bcex cTpyek paBHa 


So = dsr=28 (1) 


rye N — yuucio cTpyek B Ce4yeHHH, MO KOTOPOMY IIpOW3BOAMTCA OcpeHeHHe,. 
S; — Mlouaab MoMepeyunoro ceyeHHA OTIeIbHOH CTpyHKu, n — Kos:ppumneHt 
mpocpeTHoctTu, n< 1. ; 

Cpequee 3HaueHHe s0O0H tyHKIMH © Olpeslemserca copmMyvion 
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Jlna cKopocteli, He paBHBIX HYJO TOJIbKO B CeYeHHAX OTeJIbHbIX CTPyeK, > 
foJTy4HM 

Bs x 9;5; 

OD} ree nl 


ry Xs; 


(3) ) 


IIpencrapuB ceyeHve Kako cTpyuku Kak Kpyr TakOH %Ke Nviowaqu U 
mpemnoviarad, YTO CYMLeCTBYeT HeIpepbIBHOe pactipesemeHve OTBEPCTHM NO UX ji 
pa3sMepaM, B Mpefee nowy4Hm 


§ er) f(r) r?dr 
\f(r)rdr 
0 


rae f(r) —dyHkuuA pacnpeyeweHuaA OTBepcTHH MO MUX pasMepaM; 7 — pasMyc 
OTBeEpCcTHA. 

CpeaHaa (PHIbTpawMOHHadA) CKOPOCTb, paBHaA OTHOLICHHIO CyMMapHOrO 
pacxofa X%KHAKocTH (WeOuTa) K TvOulaqM NolmepeyHoro ceyeHHA NMOTOKAa, BBI- 
paxkaetca copmyvion 


fa GG) @) raz L 
ee Oe, (5) F 
: Vf (r)redr } 

0 


Byem mpefqnosaraTb, YTO MeCTHbI€ CKOPOCTH NOJYHHAIOTCA ypaBHeHHIO 
Hapbe — Crokca, HHTerpasl KOTOpOTO JIA MPAMOJIMHEHHOH CTpyHKH MOKHO 
3anlucaTb: 


b= ay (6) 


rye «—xKosp®uuvent dopMbI TomepeyHoro ceyeHHA KaHasla («=1/, aA 


Kpyrsioro KaHavia), Op /Ox TpaMeHT aBJIeHHA, p.— BA3KOCTb. CpeWHAA CKO- 
pocTb mio (5) papa 


f(y rtar 
th tee tet alley poems, (7) 
Ox a © ; 
\ f(r) r2 dr 
0 


CpaBHMBad C OObIUHBIM ypaBHeHvem Jlapcv, nomyuMM BbIpaxenve aA 
KOaPHUMeHTa MpOHHLaemoctH k: 


f(r) r* dr 
ee (8) 


f(r) r? dr 


Bxofaee B 9TO PaBEHCTBO OTHOIMeHHe ABYX MHTerpasoB, MMeromlee pas- 
MePHOCTb KBa[paTa JIMHCHHOTO pasMepa, MOXET OITb IPHHATO B KauecTBe KBaJI- 
pata HekoToporo oPpeKTHBHOTO MoMepeyHOrO pasMepa cpeHeroO NOpoBoro Ka- 
Hala [». 

Ora copmywia o6oOmaer anasloruunyio dopmysly, mpeqoxennyro JI. C. 
JleiOexn30Hom (*) M Nosquee ucnombsopanHyio M. JI. MusauonmnuKospm. 
B dopmyury Jle#OeH30Ha BMecTO TpocBeTHOCTH n BBeeHa paBHad ee cpesHeli 
BeJIM4HHeE MOPHCTOCTb. 
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Ilepexoqa kK cocTaBeHHIO ypaBHeHH ocpeyHeHHoro yBHXKeHHA, OyjeM 
HCXOMUTb M3 OObIYHDIX YypaBHeHHli ABMxKeHHA B dopme 


3 3 
oo oe =e 1 Op as SY Ys (9) 
ot Ox, G5 0% ml OK, ' 
f2n J eae j= J 
Mle wu; — COCTAaBNAIOUaA MeCTHOH CKOPOCTH M0 OCH X;; 7; — HalpsxKeHHe; 


@ — ll0THOCTb, ¢t — Bpema. 

iit NowyueHud ypaBHeHHli, CBASHIBAIOINLMX He MeCTHBI€ CKOPOCTH U;, a UX 
OCpeHeEHHBIe 3Ha4eHHA, HeEOOXOAMMO OCpeAHUTb cucTremy (9) no mocKocTaM, 
MepneHTHKYIAPHbIM K HalipaBJenu1o Oceli. AnamornM4uHad onepalluA mpou3Bo- 
AMTCA B TeOpHuH TYypOyseHTHOCTH JIM NoyYeHHA OCpeqHeHHEIX ypaBHeHHit 
IBwKeHHA (ypaBHeHHit PetHombaca). Ormuuue 3aksmiouaeTca B TOM, 4TO 3]ecb 
KaxKoe ypaBHeHHe ‘CMCTCMbI MPHXOMMTCA OCpeAHATb MO cBOeM mMOCKOCTH, 
aB TeOPHU TYpOYJIeHTHOCTH BCe ypaBHeHHA CHCTeMbl OCPERHAIOTCA OMHAKOBO. 

HeoOxoqumo cleaTb MpenooxeHve O HesaBMCHMOCTH OCpPeHAeMBIX Be- 
AMUMH OT BEIOOpa HallpaBJIeHHA MOCKOCTH OCpeHeHUS, BbINOJHUMOe, eCJIH 
Mpeqnoslaraerca cilyyainoe pacipeselenve wacTul, OOpa3syroulu4x Mopucryro 
cpeqy, a NOTOMY M ClyyaHOe paciipeyeseHve MeCTHBIX CKOpoctTel. 

IIpeqnonaraetca, 4TO Karka MeCTHad CKOPOCTb uw MOXKeT OBITh MpescraB- 
| JeHa Kak CYMMa CpefHero 3HaYeHHA WU UM MYMbCalMOHHOTO OTKJOHEHHA Uw’. 
| B pe3yuibTaTe ocpeqHeHHA NowyuuM: 


i. O. ie Or, 
L hae | L geet) Piles Sac e rat mae) 
a + > Ox; a > Ox; op OX, a Ox; * (10) 


{=1 j=1 j=1 


ABIIAIOULUMCA Pe3YJIbTaTOM He€PABHOMePHOCTH pacipeseeHHA HCTHHHBIX CKO- 
pocteli no nomepewHomy ceveHuIo (bubTpalMOHHOrO NOTOKa. OToT TeH30p 
aHaJIOTHYeH TEH38OPY TYPOyJIeHTHbIX HallpAxXeHUM WM JaeT HeKOTOPOe JONOMHU- 
TeJIbHOe CONPOTHBJICHHe, CBOHCTBeHHOe JBHXKCHHIO B MOPHCTHIX cpejlaXx. 


B mpapot uacra (10) crouT TeH30p OcpeHeHHEIX HalpsxKennl +;;. na 
Nepexofla OT TeH30Pa OCPENHCHHHIX HAallpxxKeHUM K CKOPOCTAM IIpHMeHUM O0606- 
menHyro runotesy Jlapcu, yTBep2xKaroulyio MpONMOpWMOHaJIbHOCTb 3TOTO TeH- 
30pa HW COCTAaBAIOULMX (pUJIbTpalMOHHOM CKOpOcTH: 


or! 
ij Bo 
Die pais (11) 
j=1 J : 
re k; — KoappullueHT MpOHHMaeMOCTH, MMeIOUIMH pasMepHOCTbh Mvowayy. 


TIpoucxoxyenue 3aKxoHa Jlapcu cileqyeT UCKaTb B OCpeHeHHH BWAKeHHA 
MHOFUX CTpyeK 2KHKOCTH, MMeIOWIMX AWWMHy MopstKa Ax, CpaBHuMyto C pas- 
MepaMH YacTH, POPpMHpPyroulMx Mopucrylo cpely. Ha sTOHK AMHe copa 
CTPYHKM MeHACTCA HESHaUNTebHO, M Nepelal WaBeHun Ha ee AMHe yOBueT- 
Bopser copmye (6), KOTOpad crporo BepHa JIA MpAMOJIMHeHHOH TpyOKH. 
Jlia tpyOxu m060H mpyroii dopMbl ona BepHa B MpeHeOpexKeHHH BAMAHHEM 
MHepIlMH, TaK KaK YUHTbIBAeT COMpOTUBJeHHe, OMpeleisemoe TO TbKO 
BA3KUM TPeHHeM. 

Tlosyuennaa cuctema (10) He3aMKHyTa, TaK KaK B Hee BXOJMT TeH30p JO- 
NOJIHHTE/IDHEIX CONPOTHBJIeCHHM MHepIMoHHOTO mpoucxoxyenua. [na sampi- 
KaHUA CHCTeMbI JOJKHDI ObITbh BBeJeHbI Te WIM WHbIC YCJIOBUA. 

Tex30p JONOJIHMTeIbHBIX CONPOTHBIEHHH MpescTaBiAzeT cool COBOKYMHOCTb 
IIpOW3BOAHBIX OT OCPe€RHCHHHIX SHAYCHHH MpPON3SBeAeCHHM ITyMbCalMoH- 
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HbIX CKOpoctTel i ae Kak u3BeCTHO, CpeqHee sHayeHHe TAKOTO MpOH3sBeeHHs 
Ha3bIBaeTCA MOMECHTOM KOPPeAAWHU HU XapakTepusyeT CTeMMeHEf 
CTaTHCTHYeCKOH CBASH MeXKLY H3MCHAIOUIMMUCA BeIMYMHAMH UU; M U.. V3 yemo-}, 
BHA CJIyYaHOCTA pactipekeseHuA XapakTepHCTHK MOpucTOH cpefbr cieyery 
YTO KOPpeAWUA MeXKLY MpOeKUMAMH CKOPOCTH WU Ha PasJIMYHbIe OCH MOJIAKHE! 


ObITb HCuesalolle Maa, T. e. ur, u.=0, ecu j-4j. Torga TObKO Tpu [MaroHaJb- | 
HBIX wWIeHa TeH30pa OYAYT OTMYHEI OT HYJA. 

Jas H8OTPONHOM NOpHcTOH CpefbI MOXKHO MPHHATb, YTO MYyJIbCAMMOHHBIC COP 
CTaBNIAMIOWIMe He 3aBHCAT OT BHIOOPpa KOOPAMHATHEIX OCceli. Tora BMmecto (10)} 
NOJYYHM B OObIYHBIX OOO3HAYCHHAX TPH ypaBHeHHA Bua 


Duvnnawoniep i) 19) 
alee ax (24a ky Dae ( J 


IIpeneOperad WHepUMOHHBIMH COCTAaBAIOWIMMH HM NOJIb3yACb ypaBHeHHeMi 
HepaspbIBHOCTH, MoOuyuuM ypaBHeHHe Jlamaca OTHOCHTeJIbHO CYMMBI CTAaTH-} 
yeCKOrO JaBsJIeHHA MH CKOPOCTHOTO HaMopa MNy/IbCaWMOHHIX CKOpocTel. Tak¥M 
o6pa3oM, JWI< paccMaTpHBaemoro CJlyYad CMpaBeIMBbI pPesyJIbTaTbI OObIMHOH 
TeOPHM uIbTpalu, HO OHM OMKHbI ObITh UCMpaBeHbI Ha BeMUMHY w’?. 
Ji OJHOMepHOH 3ayauH uMeeM 


Viurerpupys, nowyauM, uro Beamuuuna wu’ M3MeHAeTCH BJOUb :puJIbTpalHOHHOrol 
NoTOKa J\axKe B TOM CJIy¥ae, CCIM CpeAHAA efO CKOPOCTb He MeHHeTCA. 
KocBeHHoe MOTBepKeHHe 9TOTO pesyJIbTaTa MWA OMHOMePpHOH s3azaunl 
nomyyeno JI. VW. Jileinyucxoht u A. A. Wpycaunpm (4). 
J 3aMhIKaHUA CHCTEMbI MOXKHO BBECTH OCHOBAHHOe Ha TEOPHH PasMepHOCTH 
npemnoio*xeHHe 
dg, yg 
a = (13)} 
L i 
rye /;— HOBad TeoMeTpHuecKad xXapakTepHcTHKa NopHcToH cpeybi. Cucremat 
(12)— (13) samKnyta, HO cofepxuT B ce6e Be TPOlKH reOMeTPHUeCKHX f 
Nlapametpos ky, ky, kz u ly, ly, lz, KOTOpbIe JOJZKHBI ObITh ONpeyeeHb! HB] 
9KCIepHMeHTa. 
Ypapyenua Tuna (12) u (13) aa ogHomMepHoro TeveHHA NOJyUeHbI pa-| 
Hee (°,°) H IpHMeHAIOTCA JIA UCCIeOBaHHA (buMbTpalluW X2wHAKOCTeH U ra3s0B 
IPH HeJIMHeHHOM pe2%kHMe CONpOTHBJeHHA. CnpaBeXJIMBOCTh 93TOrO ypaBHeHHa | 
JIOKA3aHa MHOFOUHCJICHHBIMH SKCIePHMeCHTAaJIbHbIMH JaHHbIMH. 
BaxkHO OTMeTHTb, YTO B 93TH YpaBHeCHHA COMPOTHBJIeHHe HHepIMOHHOTO | 
NIPOMCXO*KMeHHA BXOJNT Hapsyy, a He BMECTO OOBIYHBIX MHEPILMOHHBIX 


COCTABJIAIOWULHX: Du, fat. 


Brefenwe reoMeTpwyecKHx napametpos /,, ly, 1, uM [IA OHOMepHOrO 
ABYXKeHHA OHOrO Napametpa J, OlpeeAeMbIX IMMMPHYeCKH, aHasOrM4uHO 
OcHOBHOH runotese IIpanyras, Jexalyelt BO BCeX NOJySMMMpHyecKUX TeopuAax 
TypOysmenTHOcTH. Besmunna/ aHamlornMuna TpaHATeBCKOMY IlyTH CMellleHua. 


Beecolosubiii Hay4HO-HcCeqoBaTeIbCKUtt Tlocrynusto 
HHCTUTYT MpHposzHoro rasa 10 VI 1957 


UMTHPOBAHHAA JIMTEPATYPA 


VA. E. Scheidegger, J. Appl. Phys., 25, Ne 8 (1954). 2A. E. Scheidegs 
ger, Canad. J. Phys., 34, Ne 7 (1956). § JI. C. Jlei6eus3o0un, [puxenue npupoqupix 
*KUAKOCTeH HM TasoB B MopHcTHIX cpefax, 1947, 4]... JleinyueKxasn A. A. Mpye 
JM H, Te3vcbl AoKaqoB Ha Beecowsnolt usoTonnol Koxcbepexunn AH CCCP, crp. 166, 
Mr oiviscoy: M. Muuckuit, JAH, 78, Ne3 (1951), © E.M. Muuncxuii, JAH, 108, 
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MATEMATHYECKAA ®H3HKA 


M. B. MACJIEHHHKOB 
OB OBLWIEM 3A AYE TEOPHM 3AMEJJIEHAA HEATPOHOB 


(1Tpedcmaezeno axademuxom M. B. Keadouuem 13 VIII 1957) 


CocrosHue HeHTpoHa B TCOPHH 3aMeC/JICHHA ONPeAeMIAeCTCA 3a]}aHHeM COOT- 


BETCTBylOlleH asopoH TouKH Q=(r, Q, uw), rae r—npocrpancTBennaa 
KOOpAuHaTa Helitpona; r€G; G—cBasHaa OOmacTb TpexMepHoro mMpocTpaH- 
cTpa Rs, B KOTOpOH MpoTeKaeT paccMaTpHBaeMbIi mpouecc. JlonomHenue G 


flO BCero MpocTpaHcTBa 3aHATO YepHEIMN Teamu*, Q=|V|'V, rae V—cko- 


pocTb HeliTpona; QES; S—eyunnunaa cibepa TpexmepHoro mpocTpaHcTBa. 
2 2 
Jletaprua u = —Inge; (ey 1p rye sup Oepetca wo BceM HeliTpo- 
Ham; uw€U,;=[0, oo). Takum o6pa3om, Q€H=GxS x t/,. Sameaznenne 
IIpOHCXOAMT Ha AMpaxX pa3JIMYHbIX COPTOB, IPOW3BOJIbHBIM Ofpa30M 3allOJIHAIO- 
mux G. Syecb pau NpocTOTH! NpemnosoxKeHo, uTO G pacnagaeTcaA Ha 4acTH, 
Kawah W3 KOTOPbIX COJepKUT Apa OMHOH HM TOH xe maccHl: M = M (r) 
(Macca HelitpoHa lpHusata 3a efuHuuy). Ecau I;(r, u), I-(r, u) — noble 
CpeqHHe cBOOOAHbIe mpoOerH paccestHHuA HW MOPOWeHHA, TO MycTb P(r, wu) = 
=f,’ (r, u)+ie*(r, u) au A(r, u) =8 V(r, u) ls? (r, u). Torga dasozaa naor- 
HOCTb COyJjapeHHi HeHiTpoHos }(Q) yOBMeTBOpAeT HHTerpaJIbHOMY YypaBHeHHIO 


> (Q) = Ab (Q) +T (Q); ag 
Ir—60 ° 
AF (Q) = B(r, u) \ exp|—|8° —r9, u) dr’ | dp x 


u 
x {aoe | a (r — 6Q, u’) g (tr — p, GO’, u’, u) F (r —pQ, Q’, u’) du’. (2) 
5 0 
3 ecb Po = 0 (F, Q) =—r—1Q€G\G; t—paccTtosHue OT fr JO IpaHHItpl 
G\G oonactu G B Hallpapnenuu —Q; t =inft’, r—VOQEG; g(r, y,w’,u)— 
MHUKATpHca pacceAHHA Ha YrOJI arccosy. C H3MeHeHHeM JIeTapruH OT 3Ha¥e- 


‘HMA wu’ JO 3HaueHHA Uu. 
CpBoOomHblit WieH ypaBHeHua (1) onmpeyemaseTcH KpaeBbIMH YCJIOBMAMH UM 


paciipeeJICHHeM MCTOUHHKOB: 


T (Q) =B(r, wv) V exp (—\ee —7’O, u) dr'| S(r — 9Q, Q, u)do-+ 
0 0 


[r—o0 | E 
+|V(u)|B(r, 4) B@o & wexp[— | B@—rQ wd], @) 


0 


* Ec G BbINyK0, TO «YepHBIM TeIOM) MOMKET OblTh BaKYYM. 
209 


B (po), Q, uw) — (pas0Bax MOTHOCTS HeliTpoHOB B TpaHHYHOH TOUKe py GN G. 
®yuxuua B onpemenena Aaa Bcex u>>0, pp €GNG w Tex Q, koTopble cooT- 


BETCTBYIOT HallpaBJIeHHIO OT py BHYTpb G; S(Q)— a3s0BaH MOMIHOCTh HMCTOU- 
HHKOB; Q EH. 

Ilycrb H(u)—uactb H, wa xKotopoh u€[0, u) u K (y) — MHoxKeCcTBO 
Bcex H3mepuMbIxX Ha H (cbyHKuui F(Q) Takux, uTo exp(—vyjr|) 7 (Q) orpa- 


HuyeHO Ha Beakom H(u),u<co. Tlonomum  a«(r) =o 
©, = sup @(Q), e_ = inf o(Q) aaa BeaKoH w(Q), onpezemeHnoh na H. 
QeH QeH 


V3yuenve ypapnenva (1) Beferca B CJIeXYIOUIMX MpeAMOOReHHAX: 

l. B(r, uw) GK (0); 1 8) CRO) Wt) CRG) et sce, 

2. 0<B_<B, <0. 

3. Tleppuunoe u3utyueHve HMeeT JleTAaprHio WU He OOVJIbIe Uy E (0, ov]. 

4. S(Q)€K (8), 5€[0, B_), mpusem S* = sup S (Q) el"! < oo. 

QEH 

Dincit3 A Dgiye 2 yell ice Co Wels Iya Okey 

IIpeanomoxenue B_ >0 o3HauaeT, TO paccMaTpHBaloTCa OOJIacTH G, He CO- 
TepxKallue MYyCTHIX mMosmocTeH. 

Vngukatpuca g(r, pv, wu’, U) ORMHO3HAYHO OlpefesAeTCH 3aKOHOM OjJ{HO- 
KpaTHOTO pacceAHHA HM MOXKeT ObITb 3aluCaHa, HallpHMep, Tak: 


( 
g(t, ws Wu) = Sete agi, wy ws WB (u(t, uu) + 


foe) 6,(T, UL, ie u) x M (r) | ay (r) : 
a 7 ee (Wee he 
ae py M (r) A om (r) ‘ie 15 0 (u Lo (Es Uu Uu ) 2E5 é arn ) + 
Sateen are | 
oe ye 0 W (r, uw, wu’, u) 
M (r) 2 Pe (u--u’)|2 1 u—u! \'!2 ’ (4) 
(! M(ry+i° * Mm+p ° ) 


Bae 


Bo(r, u) = gees: tem Hl2 a : 


Cyaraemble B MpaBoll uacru (4), Cosepxaliue 6-SyHKUMIO, OTBEYAaIOT BOsOyxJe- 
HMIO Afipa maccp) M(r) B pesysbTaTe Heypyroro pacceaHHa Helirpona Ha 
ypopenb EF, (r); mocmequee cjlaraemoe — HelpepbIBHOMY CHeKTpy BO36y2xeHuA 
ajpa. BosmoxkHad aHu3OTpOmMaA paccesHHA B CHCTeMe WeHTpa Macc y4HThI- 
BaeTCa (pakTopamy oc, (r, w, uw’, u) u Wr, p, u' uw). 

Kak caefyer u3 (4), UpakTwyecku He OrpaHH4yHBad OGUHOCTH (bHsHuecKolt 


NOCTAaHOBKH 3afauv, MOXHO CUHTATb, YTO JIA BCeX AONY CTHMBIX 3HaveHHh 
H€3SaBHCHMBIX II€CPCMeHHbIX. 


(6). Sha ye u)<o,<H, k= 0; 1 Dietene So, =F. 
k=1 


Le AU ye livg tho Ui at egal. 

CurysaipHocTu, BbicrylaiouMe B (4), He BHOCAT NPHHWWNMANbHBIX 3aTpyA- 
HeHHH, “60, MOJb3y S1Cb (4) u (2), MoxkHO JaTb ompeyemenue A, He cojlep>Ka- 
mlee CHHry JApHocter. 

Vcenenosane cpolicrs A cumbHo o6meruaetca TeM OOCTOATEJIbCTBOM, UTO 
STOT oMepaTop ABAAeTCH Onepatopom Tuna BovIbTeppa OTHOCHTeAbHO Hepe- 


meHHOH uw *. HerpyQHo moKasaTb, uro A nepeBoduT u3smMepumy1o (:yHKUMIO B 


~ 
* B yacrnocru, A He WMeeT coOcTBeHHBIX dyHKuHit B Kaccax K (y), y < B_ (cp. qoKa- 
3aTeNbCTBO YyTBepx menus 8). Saqaya Ha COOCTBCHHbIe s3Hay¥eHua MpwoOpeTaer cMBICA Tipu 


W3MCHCHMH CTPYKTYPbl A, Hallpimep, MpH BKJNOUeHHH B paccMOTpeHHe MYJbTHMVIMKauuH 
YCKOpeHHA HEHTPOHOB. 
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usMepuMylo. Ilycth y<B., p>>0. Torga upampm pacueTOM MOKeT ObITb 
YCTAHOBJICHO HepaBeHCTBO 


a vir} +(p—1)u a ev EIA (e—a)a 
Ae a —" (5) 


o (1 — =| 
® (p) = 22,8,h, | Stee) 4 opp, 4), (6) 


B—dinepow wHTerpa nepBoro pona, 7, =a (a) 
M3 (5) nomyyaem | ’ 


AIK(N EK), y<B. 
8. Ecm F(Q)€K(y), y<8., To paBnomepHo orTHocuTembHO  BcexX 
QEH (uy, uo Jim oath vaay healt Cully 40 


JlevicTBuTeJIbHO, cee p>1 u noxxogsmek KONCTAaHTBI sf 
ee y |r l|(p—1)e FA 
|F (Q)|< Fre ¢. Qa). 


Corjacoo (6), p MoxeT ObITb BBIOpaHO HacTOMbKO GOJIbLUIMM, TO 
(B—y) '® (p) <4, tak uro mpw QEH(u) "AF (Q)| <2 Fee, 
4TO H TpeOoBasOcb. 

Ilyctb p>0, RE[0, B_ —8), LO u R(r) o6o3nauaet paccTosHHe oT 
TOUKH fr JO MHOMKecTBa TOYeK 3aMbIKaHuA G, B KaxKJOli U3 KOTOPHIX HOO 


NJIOTHOCTh uCTOUHHKOB S, HOO NOTOK yepe3s rpaHuuy B ormmyeH oT HyASA. 
I lonoxuM 


db, (Q) ae! Le PR) 4381+ @—na : (7) 
Torya 


Ady (Q) <P 1 PO) 4, @), (8) 
rye Ro— quametp G; R,€(0, oo]. Kax cnegyert uz 3—5 u dhopmyaur (3), 
T (Q) EK (6) u 
TOV, eo tI (BO) RP) 7 (eT (9) 
Y (x) —@yuKuna Xesucaliqa: 
¥ (x) =0 npux<0, Y(x)=1 npn x>0; L,= Bp, V2E,+— 
Ad, (Q) + T (Q)<,(Q) {7 Co Rr DY (ue — ta) ck 


® (p) —R,(B-—(8+k)) | 
Le ee AF i 


OueBHAHO, CyLIeCTByYeT TOUHO OHO p = p(k) Takoe, 4TO 


(8. —(k+8))* ® (p(k) (1 —exp [— Ro (B_— (6 + &))]) = 1. 


Ilyctb p>>max{p(k), 0}. Ecau uy = 00, notpe6yem eme p> 1. Torga 
cymectsyet L Takoe, 4TO BbIPaxKeHHe B (purypHbIX cKOOKax B (10) He mpe- 
BOCXOJMT CJMHHIbI pH Bcex 3HaueHHaAX QE H. PuKcupyem 9m p H L: 


Ab, (Q + T(Q<(Q), QEH, (11) 
OTKYHa AA JUOObIX IWeJIBIX HEOTPHLaTeCJIBHbIX num 
n+m y 
y AT (Q) <A" $1 (Q). (12) 
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(12) osHayaeT, 4TO pad SAT (Q) = $(Q) cxofutca fa sBeex QEH, 


v=0 


b(Q<h(Q), QEH. (13) 
Suauut, ~(Q) €K (3). Kpome toro, us 8 u (12) caezyet, ¥TO paBHOMepHO 
OTHOCHTeIbHO Bcex QE H(u), u<c oo 


npvyem 


lim eo"! SAY (Q) =e! Q). (14) 


v=0 


Mcnonp3sya 8 uw (14), Herpyquo noKkasaTb, uTo )(Q) sABUJAeTCH pelleHHem 
ypaBpHenua (1). Bmpouem, 9TO HeMeyVIeHHO BbITeKaeT u3 (12) HM TeOpeMbI 
Jle6era 0 MaxOpHpOBaHHOH CXOAHMOCTH. 

Takum oOpa3om, Touyuaem: 

9. B npeqnosoxenuax 1—7 ypapHenve (1) uMeeT TOUHO OHO pemleHHe 
%(Q) B Kaacce dyHKkunH U K(y). Iro pemenne npuHagmexut K (6), npey- 

yan 


cTaBsaseTca payom Helimana u fonycKaet ouenky (13) pH NogxXogAnlemM BBI- | 
Oope KoHcTant L WM p B 3aBHCHMOCTH OT 6 H R. 
E,MHCTBeHHOCTh pelIeHHA eCTb HemocpefcTBeHHoe culeycTBHe 8. Corsac- | 


Ho9,B U K (y) oqsopofuHoe ypaBuenue (1) HMeeT TObKO TDHBHaJIbHOe pelleHHe. 
si if 
B uacTHOM culyyae ympyroro pacceaHHA MOXHO OTSpOcHTb TpeOoBaHve — 


p.>0. Hanpumep, ecm G ecTb Bce mpocTpaHcTBo R3, 3anOuHeHHOe OJHOpOT- 
HbIM 3a€MEJIVTeJIeEM, PaCC€HBaIOWMM HeEHTPOHbI YIpyroO H H3OTPOMHO B CHCTeMe © 
WeHTpa Macc, a HCTOUHHKM WMeIOT IJIOCKO-NapadJieJIbHy!O CTPyKTypy H cocpe- 
HOTOYeCHbI B CJIO€ KOHCYHOM TOJMMHbI, OPTOrOHaJIbHOM K eKapTOBOH ocu Oz, 


TO omeHKa (13) pemenua b(Q)= 9 (z, oO; u) IIpHHuMaeT BHT 


PG, OF ay Nee (15) 

R€[0, 1), p>>p(k), mpuyem ese (lem) = pai e--- Be 
— in (MEY 
q= nya} - 


(15) BepHo B MpegqnouIOxKeHHM, YTO XapaKTePHCTHKH CpebI He 3aBUCAT 01 
SHepruu HeHTpona. J{imHa cBoOoqHoro mpobera MpHHATa 3a eqUHULy. 

IIpunomy Onarogapyoctb E. C, Kysuenosy u B. A. Uysnosy 3a o6cyx- 
WeHve pesyJIbTaTOB pa6oTHl. 


Orgenenie mpuksaquoit maTemMaTHKH Iloctynuao 
Matematuyeckoro uHcTuTyTta uM. B. A. Crektopa 8 VIII 1957 
Axkaylemuu Hayk CCCP ie 
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sloxnayn Akayqemuu nayr CCCP 
1958. Tom 118, N 2 


PH3BHKA 


Unen-Koppecnonzent AH CCCP B. HW. BEKCJIEP 


O HOBOM MEXAHH3ME TEHEPAUMN PEJIATHBUCTCKUX 
QJIEKTPOHOB B KOCMH4YECKOM TIPOCTPAHCTBE 


Ilemb HacTOAMeH 3aMeTKH COCTOHT B TOM, YTOOBI YKa3aTb Ha CYILeCTBOBaHHe 
OMHOFO BeCbMa IIpocToro u OOmero MexXaHH3Ma reHepallMu ObICTPbIX 3JIEKTPOHOB, 
KOTOPbIM JO CHX NlOp OCTaBaJICA He3aMe4eHHbIM. ABTOPy, B YaCTHOCTH, KaxKeTCa, 
TO STOT MCXAHH3M MOXET ABJIATbCA (XOTA Obl YACTHUHO) MPHYMHOH TOrO payuo- 
U3J1YYeHHA, KOTOPOe MpHXOLUT Ha SeMJIIO OT KOCMHYeCKHX OODEKTOB HU B MOcer- 
Hee BPe€MA CBASbIBaeTCA C BOMPOCOM O MpOMCxOXKJeHHH KOCMMYECKHX sy4e 
(7). Hmxe OyeT noka3aHO, 4TO [BHXKeHMe KBa3MHelTpasbHOro CrycTKa MOWHO- 
CTbIO HOHH30BaHHOH MWa3Mbl B HeEOJHOPOAHOM MAarHHTHOM Movie JOJIKHO CO- 
MPOBOXKMaTbes (CJM TOJIbKO OYAYT BbINOJIHEHbI HEKOTOpble OUeHb OOUIME YCIOBUA) 
TeHepallHeH PeJIATHBUCTCKUX JJIEKTPOHOB. OTO YTBepXKAeCHHe OCHOBHIBAeTCA B 
CYIIHOCTH TOJIbKO Ha 3aKOHe COXPpaHeHHA SHeprHUn. 

MexaHu3M ycKopeuHua. PaccmoTpyM orpaHHyueHHbId B Mmpocrt- 
pPaHcTBe CrycTOK KBa3HHeHTpaJIbHOH MWa3MbI, COWepKallWH PpaBHOe KOJIH4eCTBO 
NIOJIOMUTEIbHBIX HOHOB H 93JICEKTPOHOB, OOJIafaloulMH Kak Wel0e CKOpOCTbIO 
TlepeMelleHHA, PaBHOH vy. J\A HariaAyHOcTH* OTpaHHyMMca ciyyaeM, Kora 
HavaJIbHaA CKOPOCTb CryCTKa U)< Cc. 

lonyctTuM, uTo o6ujee KOMYeCTBO YacTH, OOoero 3Haka B crycTKe N jocta- 
TOUHO BeJIHKO, a MWIOTHOCTh Mawia. JlonycTHM Jlasiee, YTO pa3MepbI crycTKa 
a 3Ha4MTeJIbHO MeHbIUe, EM MPOTAXKEHHOCTh TOH OOacTH L, BMpesemax KOTOpOH 
MarHUTHOe Mole MeHAeTCA Ha 3HaUHTebHYy!O BemMunHY. [pu cheaHHEIx mpel- 
MOJIOX%KCHHAX MOXKHO CUHTATb, 4TO B CpeqHem Bce N sseKTpoHOB uM Bce N MOHOB 
crycrka OyfyT BecTH ceOA Kak [Be YaCTHUb C 3apxayloM H MaccoH B N pa3 Oovb- 
IIHMH, 4eM 3apAJbI WH MaCCbI KaxKJOrO WOHA HM d/JeKTpOHa. BpBesem ese OHO 
ylpomaroujee mpeWnosoxwKenve, KOTOpOe 3HAYHTEbHO YBeIHYMT HarAHOCTb 
nocmeqyroujero aHamu3a. ByemM cuvTaTb, 4TO HeOAHOPOAHOe MarHUTHOe Nowe 
HMeeT OCb CHMMETPHU, HM MpeNoO%*KUM, YTO KBA3HHeMTPaJbHbIM CryCcTOK JBu- 
XKeETCA CO CKOPOCTbIO UV BOJb STOH ocH. BBelem WHHHApwueckylo cucTemy 
KOOPAMHAT, OCb Z KOTOPOH OyeT HalpaBeHa NO HallpAKeHWIO CKOPOCTH cry- 
cTKa. O6o3HauuM paMasbHy10 HW MpOJOJIbHYy!0 KOMNOHEHTHI MarHUTHOTO NOMA, 
B KOTOpoe Monasaer crycToK, cooTBeTcTBeHHO uepe3 H,u H,. IIpezcrapum ce6e, 
YTO CrYCTOK BXOJMT B MarHHTHOe Move 43 TOM OONacTH MpocTpaHctTBa, rye Nome 
OTCyTcTByer. OuesHyHO, YTO Mp NomafsaHHu crycTKka B MarHHTHOe Nowe Ha 
SJIEKTPOHBI H HOHBI CryCTKa HauHeT JeHCTBOBaTb OAMHAKOBAA MO BeIMUMHe (HO 
oOpaTHad moO HanpaBsenuio) cuna Jlopentia Fy, OOycOBIeHHaA palMalbHoH 
KOMIOHeEHTOH STOTO NOMA 

Foe — 0H, - 

Sra cusa cooOuaer 2/eKTpOHaM M HOHAM CrYCTKa YCKOPeHHA, Jlexkallve B 

MWIOCKOCTH, TepMen{UKyJAPHOH HalpaB/eHMIo MOCTyNMaTeIbHOrO JBUXKeHUA 


* Bee cKasaHHoe Jaubilie B paBHoli Mepe OyJeT cipaBefMBO B PeIATMBHCTCKON OOacTH 


ceKkopoctel. 
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cryctka. BewwuMHa YCKOpeHHA HM, CJleMOBaTeJIbHO, BeJIMYMHa CKOpOCTeH, MIpH- 
oOperaeMbIX HOHAMM M 9JIeEKTPOHAMM NOX JeHCTBHeM STOM S2eKTPOABHKYUeH 
CHJIbl HHAYKUMM, Oy~eT oOpaTHO MpONOpUMoHaIbHa Macce S9THX YacTHLl. Co- }f 
OTBeTCTBeHHO OyYT pa3iMuaTbCA UWHKIMYeCKHe TOKH MOHOB HM 93JICKTPOHOB, || 
OOyCIOBIeHHbIe STO CHIOH HM HaHYHeEM MpOJOJIbHOM KOMNOHEHTHI MarHUTHOLO Ff 
NOJIA. | 
B cpBo1o ovepesb, NOABJeHHe TOKAa B MWOCKOCTH, NepleHuKyIApHOu nocTy- 
NaTeIbHOH CKOpOCTH CrycTKa, B MpWCyTCTBHH paflMaJibHOM KOMNOHeHTHI NOMA fh 
MIpHBeweT K NOABJeHMIO Cu Jlopentia, WelHcTByIOU[MX Ha HOHbI WU 9JIeKTPOHBI 
WM HallpaBJICHHbIX TaK, 4TO OHH OyAyT TOPMO3HTb MOCTYyNaTeIbHOe JBUKeHHE 
crycTKa Kak lesoro *. Tak Kak TOPMO3AladA Cusa, WeMCTBYIOWaA Ha 9JIEKTPOHbI 'p 
B M,/m paz Oombuie, YeEM TOPMO3AMlaA CHa, WeHCTByIOWlad Ha HOHbI, TO BO3- jf 
HUKaeT Nlosapusauua crycrKa. TlocrynateibHad CKOpPOCTb I/IeKTPOHOB Oyler F 
YMeHbIUaTbea ObicTpee, YeEM CKOPOCTb MOHOB. LleHTpbI TA2KECTH SJIEKTPOHHOM HU 
MOHHOHM wacTH CrycTKa CMeCTATCA OTHOCHTeIbHO Apyr Apyra. 

Ecam uucio “vacTull o60ero 3HaKa B CryCTKe JOCTaTOUHO BeJIMKO, TO 9JIEKTPH- 
yeckoe Mole NOMAPH3aWHu «MPHBARKeT» IJICKTPOHbI CryCTKa K JIBUXKYUIMMCA P 
0 HHeEpWH WHOHAM, IICKTPOHbI OyLyT CeqOBaTb 3a HOHAMH, HaXOJACb B Home| 
HMOHHOTO OcTOBa crycTKa MU B CHJIY STOTO 9HEPIHA «IHKJIMYeCKOTOY TBHKeHHA 
3JIEKTPOHOB OyJeT HeMpepbIBHO BO3PaCcTaTb 3a C¥UeT 9TOTO BHYTPeHHEFO NOVA. Ff 
OJHOBPeMeHHO 3JIEKTPOHbI CaMH OyyT TOPMO3HTb HOHbI. Tako mpolecc mepe- jt 
KauKM 3Hepru HOHOB 3IeKTpOHaM OyeT MpOMoKATLCA JO Tex Nop, NoKa 9HEp- 
THA MOCTyMaTebHOTO JBH2KeCHHA MOHOB HE CTaHeT MpakTHYeCKH paBHa HYJI1O, } 
T. €. 10Ka MOHBI He OcTaHOBATCA. JlerkO NOKa3aTb IIpOCTbIM pacueTOM, 4TO cpel- | 
HAA JOJIA 9HEPrMH, KOTOPasA (Ip OcTaHOBKe crycTKa) OyeT coxpaHeHa MOHAMH | 
3a cueT Mepexofla NOcTyMaTeJIbHOTO JBHXKeCHUA B WuKMMUeCKOe, OyJeT BO MHOFO | 
pa3 MeHbue SHeEprHu, NepeqaHHOH dIeKTPOHAaM. 

Tak KaK DOJISpH3alHOHHble CHJIbI, BOSHHKalollve B CrycTKe Mp TOpMo- 
2KCHHH, HE NO3BOJIAIOT SJIEKTPOHAM OTOPBaTbCA OT HOHOB, TO B JHOOOl MO- 
MeHT CIipaBeJJIMBbI PaBeHCTBA: 


d(mvp»,) e d (Mvp;) e 
Cee Te ee ee 


m 
OTKYMa Upi = — yy Voe, THE Vez H Uge— YCPeAHeHHbIe CKOPOCTH HOHOB H 
0 


SJIEKTPOHOB B IIJIOCKOCTH HOPMaJIbHOH K NOCTyNMaTeAbHOH CkOpocTH crycTKa 
Kak wWesoro. YunTbIBad CKa3aHHOe HW CUHTAA HOHBI HepeJIATHBUCTCKMMH, Hali- 


AEM, UTO SHEPlHH MOHOB, COOTBETCTBYIOMad YKa3aHHOMYy 3HaYeCHHIO CKOpOocTH, 
2 


Ua; 2 
Raa 7 
Oyzet Wi = — = Mo cee TAC M B CBOIO OVepeb CBASAHO C U, USBECTHOH penAa- 
THBUCTCKOH (popMyvioH. CyeqoBpaTembHoO (MpeHe6peran paMasbHbIMH CcocTaB- 
Mop mey? : 
JAIOWWMMH), SHeprust sseKTpoHOB OyzerT W, = Hag tht 5 SOE Y uHTHIBAaA, 
0 


uto W, = mec" (y— 1), roe y= , pelliad NowyuMBuieecA KBaparT- 


Via /e 
Hoe ypaBHeHHe HM NpeneOperad uenamu nopayka m,/M, u (m,/M,)? (rae 
My — Macca MOKOA 9JIeKTPOHOB) NoOsyuuM: 


ae RCs, _ Moe 
Pe eae? | c 2 


* 
B o6ulem cyyae, MOMUMO TopMoxeHHA, OyeT MMeTb MECTO HM KOTpaxKeHHe» crycTKa, nox 
HeKOTOPbIM yIIOM K MarHHTHOMY Movi. 
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Takum oOpasoM, B cpeHeM 9Heprua KaxJoro sieKTpona Oy Aer 


We= > =me(y—1), Te y= 


CieQOBaTebHO, Jaxke [It KBa3HHelTpasbHOro crycTKa, COCTOAMLerO 3 
QJEKTPOHOB H HOHOB BOOpOsa, MIA KOTOPHIX v")/c?s+10°°, cpeqHee 3HayeHHe 
{ SHAYMTeIbHO OOMbINe EMMHHUbI H NOSTOMY IIeKTPOHbI OyMyT ucnycKaTb cme- 
IMpUrecKoe 3/IeKTPOMArHUTHOe U3IyYeHHe. OcoGeHHO adeKkTuBen paccmaTpH- 
BaeMBIMi MEXaHH3M, eCJIH TAKeNON PpakWMet CrYCTKA ABJIAIOTCA HOHBI C OO/IbIUMM 
aTOMHBIM BecoM *. Tak, HallpHMep, WIA MOHOB pryTH y (MO Kpalinei Mepe B 
MpHHMNe) Mower JOCTHTHyTb 3HayeHuA 10°. 

Ciryuait, KOTOpbIi- ObI pasoOpaH BBIIIIe, COOTBeETCTBYeT OTPa2KeHHIO KBa- 
SMHeHTpaJIbHOTO crycTKa OT OOsacTH MarHUTHOTO noma mom yraom 180° u, 
KOHC4YHO, ABJIAeCTCA OUeCHb YaACTHBIM. OHakO A MOJlaraio, 4TO MpoBeeHHbIi 
KaYeCTBCHHbIM aHaJIH3 JOCTaTOUHO YOeAMTeIbHO NOKAa3bIBaeT MCXaHH3M, B CHJY 
KOTOpOrO MPH BCAKOM JBYXKCHHH KBaSHHeHTPaJIbHOTO CrycTKa B HeEOHOPOJHOM 
MarHHTHOM Houle (MOMHMO Jpyrwx MmpolleccoB) BCerla GyeT MpoHcXOAUTh 
TlepexoX 9HeprHH OT Takeo dpakWMH crycTKa K JerKoH. 

Tlocrynus0 


1 XI 1957 
IMTHUPOBAHHAS JIUTEPATYPA 


1B. JI. Puu36ypr, Yen. dus. wayx, 51, 343 (1953). 


* AcKapbAH OOpaTH Moe BHHMAaHHe Ha TO, 4TO aHaJIOrMuHbili Mpolecc Mepexoya SHeprHuu OT 
TAKeNOM (bpakUAH K JerKoii GyeT UMeTb MECTO H B TOM CyUae, CCIM B KauecTBe Jerkou cbpakuun 
B KBa3HHeliTpasbHOM CrycTke OyfyT CofepwKaTbcA He SICKTPOHBI, a, HalpHMep, Jerkue OTPH- 
WaTebHbIe HOHBI, a MOMORKUTeMbHBIC HOHbI OyAYT o6malaTb Maccol, 3HaUHTeIbHO OowIbilel, 4eM 
Macca Booposia. 
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Jloxxnagmn Akagemun nayk CCCP 
1958. Tom 118, Ne 2 


PU3HKAN 


B. H. BEPLKHEP u JI. H. MAJIAXOB 


NPHMEHEHHE TEHEBOM 3JIEKTPOHHO-MUKPOCKONMYECKOU 
METOAUKM K H3Y4EHMIO PACIIPEXEJIEHHVA NOTEHUMAJA 
_B p—n-MEPEXOJIAX 


(IIpedcmaeaeno axademuxom A. A. Jle6edeeum 31 VII 1957) 


Jia onpeseteHuA HeOAHOPOAHOCTeH NOKasaTeA MpeJIOMJeHHA B CBETOBOKS 
ONTHKe WIMpOKO MpHMeHAetca MeTo Pyko—Tenuepa (1,7), HH TAK Ha3bIBAeMBIh|h 
mMeToX cBusieH. [loa cBuIAMH NOHMMAIOT MECTHBIC HAPYWICHHA MIOTHOCTH UH Kose 
(PHILMeHTA MpeIOMJICHHA BellecTBa. BO3MOXKHOCTH HaOJIOJCHUA CBUJICBOM KapTHHBIll 
OMpefeaeTcA TeM, UTO ONTHYeCKHe HEOAHOPOHOCTH OOpaslla BbISKIBAIOT aHO-f 
MaJIbHbIM XO], JyuelH B ONTHYeCKOH cucTeme. CBusIeBad MeTOJUKa MOET ObIThE 
MepeneceHa B OOaCTb 3IEKTPOHHOM ONTHKH, Tle NPHYHHAaMH, BbISbIBAaIOUMMHh) 
OTKJIOHCHHE 3JIEKTPOHOB, ABJIAIOTCA MECTHBIC 3JIEKTpH4eckKHe HM MarHHTHBlell 
HEOJHOPOAHOCTH HM Tye, CJIeMOBAaTeJIbHO, €€ MPHMeHeHHe MO3BO/IAeT BbIABHTb| 
MUKPOHCOJHOPOAHOCTH pacnpeseseHHA 9IEKTPHYeCKOrO WIM MarHUTHOrO Novien./s 

Jia MoJyYeHHA KOJIMUeCTBEHHBIX JaHHbIX O pactpeseneHuH 3THX Nome) 
Obl paspaOoTaH SIEKTPOHHOONTHYeCKHH TeHeBOH Mero (°), NpHHIMM KOTOpOTOs 
moscusetca puc. 1. Tlapanmenbupiii MyyoK 93uIeKTpOHOB ITlaflaeT Ha JIMH3Y¥ 


Puc. 1. IIpuayunuaitbHaa cxeMa TeHeBoro MeToja 


L WB OTCYTCTBHE BOSMYIaIOUUX SIEKTPHYeCKUX WIM MarHHTHBIX nome ua - 
oObekte S’ jlaeT Ha 9KpaHe TeHeBOe M300paxeHHe npenstcrsua ED, pacnono- | 
*KEHHOTO 3a (pOKYCOM JIMH3bI L. Takum MpemaATCTBHeM MOXET CJLYAKUTb, B YACTHO- | 
CTH, TOHKad MpoBosoKa. pannila Tenesoro us0Opaxenusa mpenaTcTBuA Oyzer | 
onpewenatbca mapok styyed BDB, u AEA,, nepecekaiouyuxcsa B cpoKyce THH3BI 
fF. Ecru na oOpaser, S’ OyqeT moaHoO HallpsxKeHve, TO SeKTPOHHIM my4OK 
OTKJIOHUTCA, M TpaHHa TeHeBOTO M300parKeHHA NpeMATCTBUA Ha SKpane onpe- 
ACNMTCA OTKJIOHCHHBIMM JTY4aMu BDB' u AEA. Bemunua CMelLeHHA TeHEBOrFO 
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300paxKeHUA IIpenATCTBUA Ha 9KpaHe HW C/YKUT Mepoll BEMHUHHEI BO3MYLIalO- 
ero Nowa. B paOouel ycraHoBKe O6bI4HO BMECTO MIpOBOOKH MpHMeHsAeTCA 
eTaJIMYecKaA CeTKa, YTO MOSBOJIAET OMPeAeIMTb pacpelkenenuve nNOTeHIMasa 
TOM YacTH OObeKTA, KOTOPaA NlonaaeT B Nove 3peHUsA 9eKTPOHHOOTITHUeCKOH 
|MCTEMBI. 

BnepBple 3JIeKTPOHHOONTHYCCKHH MeTOX Obl MpHMeHeH B cuIy¥ae Mowynmpo- 
OMHMKOB VIA UWCCIe€QOBaHHA BeIMYMHbI peda HOCHTeeH TOKa MO pacnpe- 
eleHHIo NOTeHHalla Ha Mo- 
sep XHOCTH C€pHHCTOCBHHIOBBIX 
oTOcompoTuHBIeHHi B. C. Ba- 
MJIOBbIM (*). 

B HactTosmei padote sToT 
eTO, Obll IPUMeHeH ‘WIA Ha- 
JIOJCHUA 30HbI Mayen noTeH- 
wala Ha TepMaHveBbIX p— 
epexofax. OeKTpOHHOOT- 
wuecKand yCTaHOBKa Oblia Ocy- 
ecTBIeHa 10 CXeMe C HCMOJIb- 
30BaHHeM «KKOOPAMHATHOH ceT- 
KM» B KayecTBe HHAMKAaTOpa 
aeKTpuyeckoro roma. I[Ipu- 
MeHeEHHe B YCTAHOBKe BbICOKO- 
°O YCKOpAloulero HalpsAKeHuA 


; 50 KB JaJI0 BOSMOKHOCTb Ha- Puc. 2. CmeuleHve KOOPpAMHAaTHOH CeTKH B 30HeE p — 
OLaTh M3y4uaeMble OObEKTHI n-lepexoya, Momy4eHHoe M0 MeToxy «sucbpepenunanb- 
> JOCTATOUHO BbICOKHM pas3pe- HbIX CHHMKoB». 1000 x 


meHvem nopanKa 0,1 yp. Uys- 

STBUTEJIBHOCTb K 3JICKTPH4UeCKUM MOMAM OOeCMeqHBaacb BbICOKOH YeTKOCTbIO 
TeHeEBOFO M300pax%KeHHA «KOOPAMHATHOH CeTKH», YTO MOCTHTalocb cosfa- 
aMeM MasIOro 2dspeKTHBHOTO HCTOUHHKA IICKTPOHOB, H3 KOTOPOrO Oa IIPoeKTH- 
byercn. B Hamel ycraHoBKe pa3mepbl 9TOFO HCTOUHMKAa OpliM NopsyKa 1—2 yp, 
ITO MO3BOIANO MpumMeHaATb 200—300-KpaTHble YBeJIMYeHHA CeTKH, peasH- 


3yeMBIe C NOMOINbIO JONOMHUTebHOM 2JICKTPOMATHHTHOH VJIMH3bI. ITO aso 
BO3MO2XKHOCTb, HECMOTPA Ha MIpHMeHe- 


6) He ObICTPbIX QJIEKTPOHOB, OOHapy2KH- 
‘@ BaTb NOTeHHHal B O,3 B. 
JIA MOBBILICHHA TOUHOCTH oTCUe- 
40 TOB C]BHTOB Ce€TKH HaMH OBI MpHMeHeH 
cnoco6 «AuddepeHWMaJIbHbIX CHHMKOB», 
: 3aKIOUaBLUMHCA B TOM, 4TO Ha OJHY U 
0 10 Oy TY Ke (OTOMMACTHHKY CHHUMAJIMCb TeHe- 
es aE BbIe H300paxKeHHA MCKayKeHHOH UM He- 
WiCKaxKeHHOH ceTKH. Tako mpHem, Mo- 
MHMO MOBBIIICHHA TOUHOCTH OTCUETOB, 
coKpaTHJ BpeMA MpeOErBaHHA OOpasyoB 
IO, MYuYKOM, UTO HMeeT CYMIeECTBEHHOe 3HaveHHe JIA pa OObEKTOB. 
Uccaenyempie o6pa3iibt mpesctaBasioT coOo p—n-lepexofibl Ha MOHOKPH- 
Tale repManua. Jia uccelOBaHuA MpOM3BOAMNAaCch CilelivalibHaA MOATOTOBKAa 
)ObeEKTOB, KOTOPat COCTOAJa B TOM, YTO M3 MOHOKPHCTasa TepMaHUA MyTeM 
IWIMpOBKU WM MOJIMpOBKM MSPOTOB/ANacb MpHsMa c ocTpo rpanbio. K TaKoH 
IPH3Me NOAMavBaCch 3eKTpOAbI H OObEKT NOMelaJicH B CiellMaJIbHBIH MWep- 
KaT@JIb, KOTOPbIH MO3SBOJIAJI MpOW3BOAMTb HeOOXOJ{MMBIC TlepeMelleHHA ero. 
YIMH 3 KOHIOB OOpasila 3a3eMJAJICA, a Ha BTOPOM MOJaBaJlOcb HallpA*KeHHe. 
lapaimebHO Kpato NPU3MbI HAaTATMBasaCh Me[HaA NPOBOOUKA, HAXOMMBINAACA 
IO, MOTeHUMaoM semiu. TakHM OOpas0M, MexKy KaxkKolH TOUKOH OOpasita 
[ 3A3eMICHHOH MpOBOOUKOH cyuleCTBOBala ONpeweseHHad Pa3HOCTb NOTECH- 
(uanoB. IlpuknafyrBaa K OOpasily HallpaxKeHHe B 3alOpHOM HallpaBJIeHHu 
[| H3MepAA CMeLeHHe MOJIOCOK CeTKH, MOXHO OlpeeIHTb MeCTONONORKeHHE 
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uc. 3. Pacnpefenenve noTeHiHasa B 3alop- 
HOH 30He 


30HbI MWaleHHA HallpaxKeHuA, a TakxKe, 3HaA YBeNMYeHHe OObEKTA, OLeHH'|h 
ee IIpOTAXKeCHHOCTb. 

Ha puc 2 npuBeyeH THIMUHEIN IA p—n-NMepexOjla CHHMMOK, NOJlYueHHb|s 
nO ONMCaHHOH BEIUe MeTO,MKe. XapakTep pacmpeseseHuA NoTeHWMala Ocobe |e 
HO OTUETIIMBO MepesaeTCaA MOMOCKaMM CeTKH, HaXOJAILMMHCA Ha CHUMKe B OJIMIE 
KOH K OObeKTY OOJIacTH. | 

IIpeqBapuTembHoe ucceqOBaHve WIMPHHbI 30HbI, Ha KOTOPOH Mpoucxop 
OCHOBHOe TlafeHHe HallpA2XKeHHA, B 3aBHCHMOCTH OT BeJIMYHHBI MpHJIOXKeHHO)|E 
HalpsAxKeHUA, WOKa3aI0, YTO 30Ha B COrmacwH c TeopHel yOprBaeT C yMeHbIIt 
HHeM Hanpsxenud. Lupuna 3anopHolt 30HbI Ha HcceOBaHHbIX OOpaslizpl 
repMaHua He MpeBocxoqua 20umpH HanpsaxeHuax 70—80 B, yOprBaxd c yMeH}i 
IMe€HHeEM HallpsxAxKeHuA (puc. 3). 

Mot Hajleemcs, UTO pa3BUTaA MeTOUKa MO3BOINT NOLpOOuee H3yYYUTb CPu3lk 
yeckHe TIpolecchl, WpeMuecTBy1Iollve HU COMpoBoKaourwe Mpoooh B p—n-nepiji 
xojax. : 

B 3akJIOUeHHe MBI BbIPaxKaeM cepeuHyo OaroyapHocTb B. M. Tyukesnue 
u A. A. JleOenepy 3a 06e3HOe MpesocTaBeHHe OOpa30B AIA HCCeLOBaHs 
a Takxe aka. A. A. Jle6eqeny 3a nocTOAHHBIM MHTepec HM WeHHbIe COBETHI Mp) 
OOcyKeHHH pe3yJIbTaTOB pa6oTHI. | 


Tloetynuao 
26 VII 1957 


UHTHPOBAHHAS JIATEPATYPA 
1P. By x, ®usnueckaa ontuka, OHTH, 1936. 2? JI. J. MaxcyrTos, Tenesple M 


TOAbI uCcCeqoBaHHA oMmTHueckux cucTtem, TTTV, 1934. 3 L. Marton, S. Lacheif 
bruch, J. Appl. Phys., 20, 1171 (1949). * B.C. Baspuaos, DKKT®, 22 1645 (9a2 
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Jloxxann Akayqemun nayx CCCP 
1958. Tom 118, Ne 2 


PH3BHKA 


H. A. MOTANKOB 


_ TEOPHH AHH30TPONMK SEPPOMATHUMTHbIX MOHOKPHCTAJIJIOB 
(ITpedcmaseaeno axademuxom H. H. Boezoaw6oevm 8 VIII 1957) 


MaruuTHad aHu30TpOnuA XapaKTepH3yeTcA TaK Ha3bIBAeCMbIMA KOHCTaHTaMH 
MHM30TPONMU, KOTOPHIe ONpeeAIOTCA Kak KOS:ppHUMeHTH! PasIOXKeHUA CBO- 
POJHOH SHEP B pA MO CTeNeHAM HalpaBJAIOWUX KOCHHYCOB (0 OTHOMeHUIO 
KpUcTasorpapuyeckuM OcAM). C TeopeTH4eCKOH TOUKH 3peHHA TemMepatyp- 
HaH 3aBMCHMOCTb KOHCTaHT aHH30TPOMMH KaveCcTBeHHO MccseOBaslacb B (!,”). 
SaBUCHMOCTbh KOHCTaHT aHM30TPONMH OT TeMNepaTyphl HM oA Opwia pac- 
emoTpeHa B (°,4), C MOMOIbIO MeTOa MpuOM2%KeHHOTO BTOPHYHOTO KBAaHTO- 
BaHHs. 

Pesybtatpr (?,*) NowyueHbl B JIMHeEMHOM IpHOswKeHHH CIMHOBO-BOJIHOBOM 
Teopuu Oe3 yueTa B3aHMOJCHCTBUA CHMHOBbIX BOJIH. TeOPHA CMMHOBO-BOJIHOBOTO 
B3AaUMOJeCHCTBHUA JVJId H30TPpONHOTO cbeppomMarHeTHKa Oplma paccmoTpeHa Jlali- 
conom (°). Ox onpeemHsI CNMHOBO-BOJIHOBbIe COCTOAHHA, B KOTOPbIX rali3eH- 
OeproBcKHH raMHJIbTOHHaH NpvOMM3HTeIbHO WMarouaseH, a NONpaBku JuHaMu- 
WecKOrO B3aHMOJCHCTBHA HE MIPeBbIlllatoT HeCKOJIbKMX MpOWeHTOB flake VIA 
im = */o1 ¢- 

B wactosmel padote metoy Jlaicona IpuMeHsAeTcA JIA AHH3OTPOMHOLO (cep- 
poMarHeTuka Cc YTeKcaroHaJbHOH cuMMeTpuel. LamuJIbTOHHaH CHCTeMBI 


4 ‘lees 2! o2! 
KH =» S(HS)— zs! DS) Sins — 5 FDS; Si+s; (1) 
j 7s 18 


rye H —sBuembee MarHuTHoe nome; »—MmaruutoH Bopa; 6/ xapakrepusyer 
MarHvTHOe B3auMOelicrBue; / — OObIUHbI OOMCHHbIM HHTerpas; S; — onepaTop 


CivHa 3JIEKTPOHa, IIPHHaexvkallero Y3Jy if ae COBMaqaeT C HallpaBJICHHeM 


KpucTasuorpapuyeckol ocu; 6 — BeKTOp, COeQHHAIONIMH OuJIMKavIIMe coceqHHe 
Y3uJIbl. 

Tlepefigqem K JIpyroli cucTeMe KOOpAMHAT, C HallpaBsIeHHeM OCH Z TIO BeK- 
TOpy HaMarHHueHHA, MH oMpeesHM ONepaTopbl 


S, =~" Diexp (Aj) S;, 
A 
Sy 10; 7S). (2) 


Syecb A—BeKTOp OOpaTHoH pemeTKH. OnepaTopb! S, yOBJeTBOpsIOT cooT- 
HOIeCHHAM 


Sieh =e Siac SeS, Wea N Siuseg [SPSa SQN Se Lo 8) 
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TamuuibTOHHaH CHCTeMbI IIPHBOAMTCA K BUY 


H = uN" (HS,) a ps 8,81 — > ! 37 cos? 6 py SiS2a%, — 
— ZU sin® 6 Dy, (SeSty + SyS7 + SESH 4 SySH)+ 
a 


4+ 81 sin Bcos 9 yy, (S¥S%, + Sx S%s), a 
r i 


rye y,= Seid), 
5 


OcHOBHOe COCTOAHMe CHCTeMbI ONpesesmAeTcA PopMy Jamu: i 
S7|0> =0, S#/0>=—S]0> @ | 

AIA BCeX 1, WJM, IKBUBAJICHTHO: 
Sy10>=0, Sk[0> = —N"*Sa0|0> (€) 


> 


a Bceex i. 
Cnenya Jlaiicony, ompeyeJIMM CIMHOBO-BOJIHOBbIe COCTOAHHA 


lay = Lt 2S)~“#a(a,1)# (Sx) 41/0, (7) 


> 


rye A,— YCO CHHHOBbIX BOJIH C BOJIHOBbIM BCKTOPOM Ae 


CocTosHHA Cc G1 He HOPMHPOBaHbI H He OpToroHadbHbI. Heoprorop 
HaJIbHOCTb COCTOAHUH (7) BbISbIBAeT B3AHMOJeHCTBHeE MexK TY CIHHOBbIMH BOJIE 
HaMH, Ha3sbIBaeMOe KHHEMATHUYECCKHM B3aNMMORelicTBUeM. Ero dup 
3nuecKad TpHuHHa B TOM, YTO CNHH OTJeuJbHOrO aTOMa MOKeT IIPHHHMAaTI} 
Tombko 2S-+ 1 s3HaueHu. J[pyroe B3aMmMogelicTBHe, Ha3biBaeMoe WH HAMUM 
YeCKHM, BO3SHHKaeT H3 TOrO, 4TO TaMHJibTOHMaH (4) He JMaronasieH 1} 
COCTOAHHAX (7). . 

Haligem jelictBue ramusibTonHa Ff Ha cocTosHHA |a >: 


Hla) =|Fot+ Ball +a) ||a>+ BQsel0> 8 
Xr b j 


rye 
Ey = —pH*NS — ¥, (I + 81 cos? $) y,V'S2, (9) 


Lo = pH? + 81Sy, (cos? 6 — 1/y sin® 6), (10° 
é, = (1+7/28/ sin? 6) S (y) — y,) = 1S (y, — 4): (ig 


a Qpq OllpeweseTcA US BbIPAKeHH Aa KOMMyTaTopoB FH cS}. 
CyMMa COCTOAHHH CHCTeMbI corsacHo (>) BhIpaxaeTca B Buse 


—2 4 
Z= D Fa’ Ditaluy<ulexp(—BH)|a>, Boge. (12) 
Coctosnua |u> ompeyemsiotca cleqyloulum ae 
eo ee T (uj) "(S7)"11|0), (13) 
rye (uv) —cucTema uncer a IIPHHUMaIOWux 3HaueHHaA 0, 1,..., 2S, | 
F,=<0|u»>. (14): 


Cnenya Jlalicony, BbipasuM Z B HJeasbHOH CIMHOBO-BOMHOBOM MOJenH, B 
KOTOPOH C KaxKJ[bIM Y3JIOM pelleTKH j CBASAH TapMOHHYeCKHH OCIMVIATOp. 
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OcllwJIATOpbI ONHCHIBAaIOTCA C TIOMOMLbIO ONe€paTOpoB pow eHuA ny HW YHHOTO- 
*KCHHA ol YHAOBJETBOPAIOULUX COOTHOLICHHAM 


[ajaj] = Sin, 10; = 4; (15) 


Tlompii HaSop oproroHasbHBIX HM HOPMMPOBaHHBIX cocTOAHHM UeambHor 
CHCTEMbI €CTb 


ju) = [] 23)" 1] 0). (16) 


i 
B vfealbHOH MOJeNM MOXKHO ONpeseIHTb Apyryto OpTOrOHaJIbHy!0 CHCTemy 
— lo #\@ 
= [] @ty"(«s) 0), 
2 x : (17) 


rye « ompesemsioTca CAeMyIouLM O6pasom: 


af = NO! ee (i jn 48) 
WM YOBJIeETBOPAIOT COOTHOIMICHHAM 
[a no) ] = Onn, %)%, = A). (19) 
CyMMa COCTOAHHH BbIpakaeTcA B HeambHOH MOE: 
Z = e-8Fo SU paV ao; (20) 


ab 
rye 


Usa = (b|exp[(— 8 (# — E,)]| a); 


Vas= > (a|u) Ex (uw); (21) 


u 


eal de UD 
i (22) 


Cia, Jit te 0 weet: IE ih) =A Oe 


Boipaxkenue Va, mpeactaBlser apPeKT KMHeMaTHYeCKOrO B3aHMOeHCTBUA. 
@My3nyecKHM COCTOAHHAM Halle CHCTeMbI COOTBeETCTByeT HaOop (ul) 4HCeN U;, 
B KOTOPOM U; IpHHuMaroT 3HayeHHA O,1,...,2S. Cymmy cocTosHui Hazelt 
CHCTeEMbI MOXKHO TipeAcTaBuTb B Bue 


ZL=Zr—Z1, (23) 
rye Zr pacpocrpaHaerca MO COCTOAHHAM C JIOOBIMH Wj, a Zz TOMbKO 0 
cOcTOsHUAM c uj; >2S. Cymma Z; cofepxxHT MHOKUTeIb e—Tel? (T, — Temme- 
patypa Kropu). Tlostomy B pa3ssox%xeHHH CBOOOZHOH aHepruH To crenenam T 


YWICHbI, YUHTbIBAIOUIMe KMHeMaTHYeCKOe B3aMMOJeliCTBHe, MOryT ObITb OMYLeHEI. 
Jia Bbuucnenua Upyg mpeactapum exp[— (7 — E,)] B Buye pxya: 


exp laa Pe (76 — Fo) = 
s 8 
ED (— 1" dP. . [ @, exp [(1 — B) Hi] Ha -. - Hexp (— 8, Hl), (24) 


m=0 


rye 
Hr=Ddy(Ltajaty, H.=H-E,—H2. (25) 
a 
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Jus BbIUHCIeEHHA CYMM IIPHMeHHM MeTOJ rpacoB noes. na cBo6on 
HOM 3HeEprHH Ha OHH aTOM lloJlydaem 


F = —pH?S — 5(l +81 cos* 6) yoS?— AT {Zs (BL) 0°" + 8/42, (BL)O” EY 


ie () [Zs), (BL)]? Ge a" aly (7/2 cos? 6 9) [Zs), (BL)I? ie (6 | 

rye 
eh oer ae =» j-te-i# 
OS ewe yils ? Zn(= Qi 2 : : 


Pasnaran Z,(8L) no crenenam 5//kT u 6’ no crenenam 4//J, NonyaHn 
JIA CBOOOMHOH 9HEprHuu 


F=F,+ Fa, 


rye F4— cBo6oqHaa 2Heprusd aHHsoTpomMn: | 
F, = —/,8hy, cos? 6 (8? — 382y, (BL!) O* — 5SZy, (BL!) 6" + 3 (Zn, (BLIP Oy 
(7 
“ih Nek Tarte 
 DalSyayv' aol 


Cc 


L’ = pH’, 


3 
Uneu c 6 coorsercrsyeT mpuOm«Kenuio Baoxa u copmayaeT c pesybtata$ 
5 eo A. 
ua (2), unen c 6 nosBaseTca 13-3a JUCKPeTHOCTH KpncTaIMueCKOH peler-p 


{ 


KM H 3aBHCHMOCTH 9HeprHd CIMHOBLIX BOsH oT OJ. Unen c 6° mpeqctaBasel 
JWwHaMMyecKkoe B3aHMOJelicTBHe CIHHOBbIX BOJH. B TemnepaTypHOH oO/acTE 
no T =1/,T; uneu, UpelcTaBAowlui JMHaMHYecKoe B3aMMOJelCTBHe, He TIpe- 
BpliaeT 4% (qua S=1/,) uw 2% (gua S=1) UneHa, cooTBeTCTBYy1OM{erc 
npHOumKeuu1o Byoxa. Manaa BesmunHa JWHaMHYeCKOTO B3aMMOJeHCTBHA TlO- 
Ka3bIBaeT, UTO CIMHOBO-BOJIHOBaA TeEOPHA IIPHMeHHMa JIA STO OOJaCTH TeM- 
nleparyp. } 

B s3aKksuouenHe BbIpaxaio OnaroqapHocTth C. B. Tsa6auxosy u B. B. Tom 
MayeBy 3a IeHHY!IO JHCKYCCHIO. 


Matematuyeckui uncTuTyT uM. B. A. Crexosa Tlocrynuso 
Axkajlemuu Hayk CCCP 29 VII 1957 


HMTHPOBAHHASA JIMTEPATYPA 


1C. B. Boucose ku it, KOTO, 8, 1104 (1988). 2 J. Van Viec a Phys. Rev.,¢ 
52 SlOAT(9SS) ees (Gan T 1600 Kop, JKOTO, 20) 661"(950) =e a AO THKOB, 
A. A. Tyces, us. mer. u meranmozel., 2, B. 3 (1956). > F.J. Dyson, Phys. Rev., 102% 
13171956), 
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Jloxrnaygo Akagemun nayx CCCP 
1958. Tom 118, Ne 2 


PH3SHKA 


B. M. ®PH KH 


®OTOIJIEKTPETbI H OBPA3SOBAHHE CKPbITOrO 
IJIEKTPO®OTOFPA®YUYECK OPO H30BPA)KEHUA 


(ITpedcmasaéuo axademuxom A. B. lly6nukoeeim 18 V 1957) 


ABJeHHe NOCTOAHHOM BHYTPeHHeH POTONMOAPH3aMU B AM3JIeKTpHKaXx OpLWIO 
oTKppito B 1938 r. I. HagxKakoBbiM H Ha3BaHO (OTOSIEKTPeTHbIM COCTOAHHEM 


(HO aHaJlOorMv Cc TepMO2IeKTpetamMH (').B paOotax (°,°) HcceqOBaslacb JWIMTeIb- 


HOCTbh COXpaHeHHA NOJIAPWSaWuu B (pOTOSJIeEKTpeTax, a TakxKe BJIMAHHMe TeMIIe- 


‘parypbt Ha mpolecc ux JenonApusaluu. B page HauiMx pa6Oor uccueqoBa- 
| MOCb *OTOSIEKTpeTHOe COCTOAHHE B MOHOKPHCTasaxX Cepbl H aHTpallena, a 


Take B MOJIMKPHCTaJlJIM4eCKOH Cepe C TOUKH 3PeHHA BAMAHHA YCIOBHM MosA- 
pusalluv Ha BeIMYHHY 3apsAya coToameKktpera (4,°). 

Moros eKTpeTHOE COCTOAHHE B JH3ICKTPUKaX OOYCAOBMeCHO HaKOMJIeHHeM 
OObBeMHOTO 3apxAa B Mpolecce doTonpoBogzumoctu. IIpH nepexoge aieKTpoHa 
43 OCHOBHOM 30HbI B 30HY MpOBOJMMOCTH, OH COBepilaeT CABHT B HallpaBseHHu 


“TOId H, BbIlaqadt B KOHIe CABHra H3 30HbI NPOBOMMMOCTH, 3akpelinveTcA Ha 
-HEKOTOPOM JIOKaJIbHOM YPOBHe, IpHpOJa KOTOpOrO MoxeT OpITh pa3siM4Ha. Bo3- 


MOXKHO, YTO B CYA MOHOKPHCTAaJIOB 9TH JOKAJIbHbIe YPOBHH OOYCJIOBJEHbI 
pa3IM4HbIMH JedekTaMH cTpykTypbl. Bovee BbIcoKaA YCTOMYMBOCTh YKa3aH- 
HbIX BbIINe€ MOJIAPHbIX TEKCTYP 10 CpaBHeHHIO C MOHOKPHCTaJIM4ecKHMH (poTO- 
aJIeKTpeTaMH, OOHapyxXeHHad B paOoTtax (*,*), TOBOpHT 06 oco6o ycToH4YHBOM 


| 3aKPeCIWICHHU 3JJIEKTPOHOB Ha r1yOoKux JIOKaJIbHbIX YPDOBHAX, BO3SHHKAaIOuLHx 


Ha rpaHulax KpHCTaJIM¥eCKHX 3epeH B MOJIMKPHCTaJIMYeCKUX OOpasilax. 

B paGore (°) 6piuia H3102%KeHa METOAMKa NOMYYeHHA ZIeEKTpO*oTorpadPuyeckux 
H300paxKeHHH Ha MOBeEPXHOCTH NOJIMKPHCTaJIMYeCKHX COTOSeKTPeTOB UH, TeM 
CaMBIM, IIpeMJIOx%KeHO HOBOe HallpaBJeHHe B OOACTH MCCIeEOBaHHA NOCTOAHHOH 
BHYTPeHHeH (bOTONOJIApH3alluH. 

Hacrosmad pa6ota coyepxKHT PA HOBBIX Pe3YJIbTaTOB, NMOJIYYCHHBIX IPH 
MCClefOBaHHU (bOTOSMeEKTPeTHOTO COCTOAHHA C MOMOLIbIO 3eKTpooTorpadu- 
weckoro MeToja. 

OnucanHad B padote (°) MeTOqMKa NOyYeHHA ZeKTpOoTorpapuyeckux 
us0Opaxkenuli Ha (POTOSeKTpeTax 3akOUaIach B Ciefyioujem. Ha aJiioMMHHe- 
BbIe MWIACTHHbI HaMbWIAJIMCb B BAKYYMEe CJIOM MOJIMKPHCTaMIMYeCKON CepbI TOJI- 
WMHOH Mopagka 50 vw. Cron MOApH30BaIHCb NPM MpHJlIO%wKeHHOM HallpAxKeHHu 
M HeMpepbIBHOM OCBeEILeHHM Yepe3s MOMyMpospayHbI seKTpoA. SapAq Ha To- 
BepXHOCTH MOmyYeHHOrO TakHuM OOpa3s0M (poTOseKTpeTa MOr H3MepsATbCA C 
MOMOI[bIO AHHAMHYeCKOFO 9JIeKTPOMeTpa. . 

Ha moBepxHocTb (oTOSIeKTpeTa IpOeKTHPOBAOCb NOSHTHBHOe M300paxKeHHe. 
B pe3ymbraTe 2KCNO3HUMH OCBeILeHHbIe yUaCTKH *oTosekTpeTa enosApH3o- 
BaJIHCb, a 3aTCMHEHHBIC COXpaHAM MepBOHAabHy!O MOMApw3saluto. Tak Kak 
CKOpOcTh enomApH3aluH OTOSXIeKTpeTa 3aBHCHT OT OCBeILeHHOCTH (3) ear0 
oOpa3ylomleecd B pesybTATe SKCMOSMIMM CKpbITOe H300paxKenHe, OOYCOBEH- 
HOe HepaBHOMepHBIM paciipeyeueHHeM MOJIAPH3allMM, MOXKeT MepeMaBaTb Nowy- 
TOHa OpurHHata. Jt MpOABMeHHA CKPBITOTO M300paxKeHHA HCTOJIb3OBAaICA 
TpHOoseKTpHyecKHH sddexT. TlopomoK acasbTa CMemIMBaICA C MeKO pa3- 
WpoOleHHEIMU KpHcTasIaMu MoBapenHOH coum. [1p sToM yacTHUbl MOBapCHHOK 
COMM 3apsxKAaIUCb OTPUMAaTebHO, a YACTHILLI aCaMbTa MO/OKUTEMBHO. Cmecb 
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UBYX MOPOWIKOB CCbIMalacb Ha MOBepxXHOCTh doTosekTpeTa, COXPaHsloUle;rog 
CKPbITOe H300paxKeHHe, H B 3aBHCHMMOCTH OT 3HaKa 3apAjla Ha MOBeEpXHOCTH po-fh) 
TOSeKTpeTa CKPbITOe H300parKeHNe NPOABIA-— 
JOCb YaCTHIaMH acialbTa WIM NOBapeHHOdjp 
COJIM, KOTOpbIe 3a/lepxKHBaIMCb JIMUIb Hal) 
nyacTKax, COXpaHHBIWHX NOApMsanuro. Hall 
puc. | mpegcTtaBieH oOpasell Takoro pojfae 
QNeKTpOpoTorpapHu, MOyYeHHOH Ha oTo-fh 
auleKTpeTe H3 MOJIMKPHCTaJIMYeCcKOH Cepbl 
MOMOI[bIO pacTpOBOrO OpHrHvHawJa. i 
Hamu Opwia UuccleqOBaHa 3aBHCHMOCTE 
M@XKLY BeIHMYMHOH MOBepXHOCTHOTO 3apsA]ath 
(poTOSIeKTpeTa (HJIH HAaMpAXKeCHHOCTHIO deK- Js 
TpWueckoro MOH Ha efrO MOBepXHOCTH) HI 
BeJIMYHHOM ONTHYECKON MWIOTHOCTH MpOABJIeH-8 
Horo H3800paxkennnA. HanpiieHHbld B BaKYyMe, 
COM MOJIMKPHCTasIHYeCKOM Cepbl TOJIMMHOKS 
nopayqka 50 p, NOIApH30BaJICA Ip pa3HbIx 
HalIPAXKCHHOCTAX TOJIX HM PaBHOMepHOH OC-H 
BeICHHOCTH mopsyka 2-10°° Batt/cm?, co3-§ 
JaBaeMOH Ha MOBepXHOCTH CJIOA C MOMOLLbIO 
cboToviamnb). [lomaApH3saluA CJIOA MpOw3BOlM- 
Jlacb B TeyeHHe 10 MHH., MOCe Yero OCBelLe- | 
HHe IIpeKpaljaJIoCcb H CHHMAJIOCb HallpAKeHHE. | 
Puc. 1, O6pasen aaeKrpocotorpa- B kauecTBe NOynpospayHOrO 93JIeKTpOfla uc- 
bun, Momy4eHHolt Ha cboTosmeKTpete NOJIb3OBaJIOCb CTe€KJIO C HalIblJICHHbIM CJIOCM 
W3 MOJMKpHcTamMyeckol Cepblc Mo- cepeOpa. C momomtbio JMHaMH4ecKOrO 3/1eK- 
PIM IS SI PRG te TPOMeTpa H3MepsAIacb BeIMUMHa HallpsAxKeH- 
HOCTH NOJIA Ha MOBepXHOCTH (OTOSeKTperTa, f 

mocuie YerO MOBEPpXHOCTb (POTOSeKTpeTa MpPOABMI gach YK@3aHHbIM BbIUe 06-} 
pa3oM H c Nomoulbio doTomerpa MT-2 u3mMepamacb onTHYeCKaA MJIOTHOCTD | 
MpOABJICHHOrO YacTHWaMH actasibTa us0Opaxenua. Ha puc. 2 mpesctrapse- 
Ha 34BHCHMOCTb OMTHYeCKON MJIOTHOCTH 


AD oT BeJIMUHHbI HallpAXCHHOCTH QJIeK- 04 
TpH4ecKOrO NOJIA Ha NOBEPXHOCTH (poTo- 

KTpetTa. 
QIIeKTpe 03 


JIuHetHad 3aBUCHMOCTb Mex ly BeJIH- 
YHHOH ONTHYECKON MJIOTHOCTH NpOABJIeH- 


HOrO Ha MOBepXHOCTH (oTOsIeKTpeTa g2 
W300paxKeHHA MH BeJIMYMHOHM ero NOBepx- = 
HOCTHOTO 3apsxqa Oblia MOO*KeHa Ha- 

MH B OCHOBY 9JIeKTpocdoTorpadHyeckoro Ot 


WIM CeHCHTOMeTpHueCcKOrO MeTOa MUC- 
CJleOBAHUA (POTOIJIEKTpeTHOTO COCTOS- 
HHA B MOHOKPHCTalwax WB NOIMKpH- 500 1000 1500 b/cm | 
cTaIM¥ecKHX OOpasiiax. B uacTHocTu, Maa 5 
TYTOH HOMCDeHH HT CON eae Puc. 2. 3anucuMocts onTuuecKkoli noTHOCTH | 
HOCTH sleKTpodoTorpauyeckoro 130- AD ot Benwunnnl Hallp AK eCHHOCTH ‘omextp all 
OpaxKeHHA Ha MOBEPXHOCTH (POTOSTeK- — yeckoro mona Ha ToBepXHOCTH (PoTOaMeKTPeTa | 
TpeTa HaMH HCCJIeMOBaslacb JJIMTesb- | 
HOCTb COXpaHeHHA COTONOJApH3allnn | 
B (oTosiekTpere H3 MNOJIMKpHCTasJIMuecKOH cepp. Col nomuKpucTaiu- 
YeCKOH Cepbl TOMMMHOH NopsyKa 50 w nomspwsopasica B TeueHHe 10 MUH. 
MIpH HallpAyKeHHOCTH MOJIApPW3yloulero noma 5 KB/CM WM  OcBeILeHHOCTH 
Ha moBepxHocTu clon 2-10-° Bart/cm?. [Ipuroropmenuptit Takum O6pasom (oTo- 
QIEKTPeT COXPAaHAJICA OMpeeseHHOe BPeMA B 3AKOPOUeCHHOM COCTOAHMM B TeM- 
HOTe. B HY2KHbIi{ MOMCHT NOBEpXHOCTb (POTOSeKTpeTa NPOABAIACb H U3MepsAIach 
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ONTHYeCKaA MIOTHOCTh H300paxKeHHA, MpHueM JWIA NOcMeLyroulero H3MepeHHA, 
COOTBETCTBYIOMErO APyrOMy MpOMexXKYTKY BPeMeHH, NOMAPH3alluA COA MpOK3- 
BOJMacb cHoBa. Ha puc. 3 mpeycras- 
JI@Ha 3aBHCHMOCTb ONTHYeCKOH MVJIOT- 

HocTH AD oT BpemeHH, Tpomemuero c 
MOMEHTa OKOHYAaHHA NomApusanMn. U3 spl \. 
puc. 3 BHAHO, YTO NocMe KpaTKOBpe- ~ 


MeHHOTO Ciafla B TeyeHHe HeeH O- aaa a re Be “ 
“40 460 720 vac 
JIA pu3alluAa POTOSEKTpeTa He H3MeHAer- P 


CA Ha NpoTAxKeHuu 30 cyTOK wu JocTH- 
raeT cTaOWIbHOrTO 3Ha¥eHHA, CocTaB- Puc. 3. 3aBHcuMocTb ONTHueCKOl NIOTHOCTH 


0/ x __ 9uleKTpopoTorpaduueckoro u306paxkeHua Ha 
uiaroujero 40% OT HavasIbHOH NOApH botosmexrpere AD oT spemenx, mpomen- 


3alluu. OcoOnii HHTepec. NpeAcTaBMANO ero c MoMeHTa OKOHYaHNA NowApusaluu 
CpaBHHTb WIMTeIbHOCTb COxpaHeHHA 

CKPbITOrO H300paxKeHHA B OOBMHOH 9eKTPOoTorpaun uINeKTpopoTorpaun wa 
tpoTosmeKTpetax. M3pectuas Jo cux Mop slekTpodotrorpadua Obiia OCHOBaHa Ha 
aCOpOWMN HOHOB Ha NOBepXHOCTH JMIJIEKTpHKa, OONaaromlero c(pOTOMpOBOAMMO- 
cTbiO. OOpa3s0BaHne CKPHITOTO H300PaxKeHHA MPOHCXOMNO Mp 3TOM B pesyib- 


| TaTe 9KCNOHMPOBaHHA Ha 3apAXKeHHYIO TAKUM OOPa30M NOBEPXHOCTbAMIJIEKTPUKAa 
| kakorouH60 mo3suTHBHOrO H306paxeHHA. Ilocuexyioujee MPOABJIeEHHe CKpbITOFO 


H300paxKeHUA MpOM3BOAHOCb cnocobom, 


%o OMMCaHHbIM HaMu BbIIe. MetoquKa no- 

100 JIYYeHHA TaKOTO posa seKTpodororpa- 

80 a (pHueckux U300paxKeHHH Oblla H3s102%Ke- 

oe Ha HaMM B pa6oTe (’). 

60 Hamu uccilesoBaslacb perpeccua 
1240 CKpbITOrTO — aJleKTpO*ororpadruecKkero 
als W300paxkeHHA Kak B CJlyuae (OTOSeK- 

20 6 TpeTa, TaK HB Culyuae alcop6uH4u HOHOB 


Ha NOBepXHOCTH H9JIeKTpHKa, OOsa- 
2 & 3 48 60 tvac fatomero doTonpoBoguHocthiwo. B o6onx 
t aait at cy4aAX HCHOb30BaJICA OJMH HU TOT Ke 
Puc. 4. Perpeceus cKprrtoro sueKrpotporo- COM MOMKpUCTaMMeCKOH CepbI TOs- 
Tpadbuueckoro ws06paxkenus, a—Bcayyae WMHOH MopayKka 50 y, HambivieHHbl B 
doTosekTpeta, 6 —B cayyae aXcopoumm BakyyMe Ha IWlaCTHHKY aJOMHHHA. B 
MOHOB Ha MOBeEpXHOCTH AWHSMeKTpiKa, o6ma- OJIHOM cryuae con MOJIA PH30BaJICcA B 
ASOMEDO DOTCRPOBOAEMOCTEIO TeyenHe 10 MHH. MpH HalpsAxeHHO- 
CTH MNOMApPH3Syloulero NOJIA  NMopsAKa 
5 KB/cM HM OcBelleHHOCTH Ha OBepxHocTH cos 2-10°° Bart/cem?. Uro- 
Obl HCKJIOUMTb B 3TOM CyYae NOABeHHe YTOMO3apsAja, BbISBAaHHOTO Mepe- 
XONOM 3apAOB CO CTOPOHbI NOMyNpospayHOro aeKTpOMa Ha COTOSeKTpeET, 
M@XKILY CIOCM Cepbl H MOJYMpO3payHbIM I9JIEKTPOJOM MOMelalacb CTeKJIAH- 
Had tWwiacruHka TosmHHok 1 MM. B ~pyrom culyyae cOH MOMMKpucTamMuye- 
CKOH Cepbl MoMellasicd B NOJe KOPOHHOTO pa3spaAya U 3apAxKaJICA B TeMHOTe. 
B KavecTBe KOPOHMPYIOMlero JJIEKTPOJa HCNOJIb30BaJIOCb OCTpHe, PacnosoxKeH- 
Hoe Ha paccrosHuu 10 MM OT NOBepXHOCTH CJIOA HW COeMHEHHOe C OTPHLaTesb- 
HbIM IIOJIIOCOM BbICOKOBOJIbTHOTO BBINPAMHTeIA (HCMOMb30BaIOCh HalpAKenve 
nopsyKa 6 xs). B mpolecce pa3paa, MpOJOJZKUTeIbHOCTh KOTOPOrO COCcTaBAAAa 
1 MuH., HOHBI U3 BOSyxXa alcopOupoBaHCh Ha MOBepXHOCTH COA ceppr. [locse 
3apAXKeEHUA COM 3akKOpauMBaJICA H COXPaHAJICA B TeEMHOTE OlpeeseHHOe BpeMsA. 
B HyYyxKHBIM MOMCHT MOBepXHOCTb 3apAXKeHHOTO COA NPOABMANACh OMMCAHHbIM 
BbILe CHOCOOOM H M3MepsAaCb ONTHYECKaH MVJIOTHOCTh MpOABEHHOTO 9JIeEKTPO- 
cbororpaduyeckoro u3s06paxenua. JIA OCymeCTBIeHHA KaxKLOrO HOBOTO U3Me- 
PeCHHA ONTHYECKOM MIOTHOCTH, COOTBETCTBYIOIMNeH OMpeseseHHOMY MpOMexKyTKY 
BP€MCHH, 3apA2%KeHUe CJIOA MPOMSBOLMJOCb NOBTOPHO Tip OAHUX M TeX Xe YCwo- 
Bait x. 
Ha puc. 4 mpeycTaBseHa 34BMCHMOCTb OT BPeMeHH MIpOleHTHOTO OTHOMeHUA 
BeIMUMHbI ONTHUECKOM NIOTHOCTH MpOABJICHHOTO SeEKTPOPOTorpaduyecKkoro 430- 
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OpaxkeHuad K ee HaYaNbHOMY 3HaYeHMIO A COTOSTeKTpeta (a) H AA CiON, 
3Aps2KeHHOTO C MOMOLIbIO KOpOHHOrO paspsga (6). U3 mpecTaBseHHbIX KPHBbIX 
BUHO, YTO B clyuae (6) HMeeT MeCTO OLICTpad perpeccHA CKpbITOFO J/IeEKTPO- 
cboTorpaduyeckoro H300paxKeHHA, IpH4eM 3apA Ha NOBeEPXHOCTH COA CialaeT 
mpakTuyecku Jo uyssa. na cboTosmeKTpeTa perpeccHA CKpbITOTO 9J1eKTpOo- 
TOrpaduyecKOro H306paxKeHHA MpOMCXOMT SHAYHTEIbHO MefIeHHee H, KaK ObWIO } 
OKa3aHO BbIe, 3apA MocTHraeT CTAOHJIbHOTO 3HaYeHHA, OTMUYHOTO OT HYVJIA. | 
VUmenHo 3TO OOCTOATeIbCTBO MO3BOJIMJIO HAM Ha3BaTb 9eKTpOotTorpauro Ha } 
(oTOseKTpeTax SJIEKTPOCTATHYeCKHM aHaJIOTOM MarHUTHOH sarucn (°). 
Tlonyuenuple pesyibTaTbI MOATBepxAaloT CAeaHHoe BbIINe MpeqnosOKeHHe 
© TOM, YTO CKpbITOe alekTpodoTorpaduyeckoe u3s00paxKeHve Ha MOJIMKPHCTa- | 
JIMYECKOM (POTOSTIEKTpeTe OOYCMOBICHO 3aKPeMICHHeM 3/IeKTPOHOB Ha T1yOOKUX 
JOKAJIbHbIX YPOBHAX, BOSHHKAIOMUIMX Ha TpaHWWax KPHCTasIMYeECKHX 3epeH. | 
Hauvabublit KpaTKOBpeMeHHIM Cal NOMApHsallMM SOTOSMeKTpeTa HW CBA3AHHAA | 
C HMM perpeccHa CKpbITOrO aeKTpOororpaduyeckoro H300paxKeHHA, OUCBHHO, | 
OOYCIOBIEHBI OCBOOO*KAeHHeM JJICEKTPOHOB C HerilyOOKHX ypoBHel. B cuyyae § 
OObIMHO STeEKTPOMOTOrpaun, CBASAHHOH C alcopOlMelH MOHOB Ha MOBepXHOCTH | 
JM9JIeKTpuKa, OOpas0BaHHe CKPbITOrO aueKTpOdoTorpaduyeckoro u3s00paxkenHuA | 
OOYCIOBICHO JOKaIM3allueli 3JIEKTPOHOB MPeHMYLIeCTBEHHO Ha HerIyOOKHX | 
YpPOBHAX, 4TO MpHBOAUT K ObICTpOH perpeccuu CKpbITOTO H3800paxKeHuA Ui Cras | 
MOBEpXHOCTHOYO 3apaa HO HYJIA. BOSMOXHO, TO JeTAaIbHOe MCCIEOBaHHe 3akOHa | 
perpeccuu CKpbiToro 9aIeKTpoororpadHyeckoro H306paxKeHuA NO3BOJIMT OMpe- } 
ACNUTb 9HEPrHH AKTUBALMM, COOTBETCTBYIOWIME Pa3JIMIHBIM JIOKAJIbHbIM ypOBHAM, 
yuaCTBYIOUIMM B OOpa30BaHHH CKpbITOTO 3JeKTpOdotorpapuyeckoro us06pa- } 
2KeHHA. . 
McceqoBanHad B HacTOAU[eH paOoTe CBA3b MeXK]LY ABJICHHeEM TOCTOSHHOH | 
BHYTPeHHeH (POTONMOJAPH3allMu UM OOpasoBaHHeM CKPHITOFO |eKTpomororpauye- } 
CKOrO H300paxkeHHA MpeAcTaBAeT HHTeEPec HC Apyrol TOUKH 3peHHA. OTe bHBIE | 
KpHCTamMueckHe 3epHa HCCIeqOBaHHOH HaMH MOJIMKPHMCTasIMYeCKOH Ceppl | 
ABJIAIOTCH OJHOBPeCMeHHO sepHaMu dvIeKTpodoTorpaduyeckoro com. C Apyrok | 
CTOPOHbI, HAM OblyIO MOKa3aHO (°), YTO IA MOHOKPUHCTAaJJIOB Cepbl HMee€T MECTO | 
SKCHTOHHBIM MeCXaHH3M JenOApH3alluH (hOTOSeKTpeTa IIpH ero OCBeIeHHH. § 
Orciojla cleqyeT, YTO OOpas0BaHHe CKPHITOFO JeKTpOdoTorpaduyeckoro u300pa- } 
XKCHHA HA MOJIMKPHCTAJIJIMYeCKOH Cepe HeMOCpeCTBeHHO CBA3aHO C Mpoleccom 
SKCHTOHHOTO BO3OyKeHHA KaxKOrTO 3epHa deKTpOdOTorpaduyeckoro COA. } 
STO He O3HadaeT, YTO Ha OTICMbHOM 3e€PHe He MOXKET OBITb HOYYeHO 3JIeEMeHTOB | 
aeKTpopoTorpaduyeckoro H300paxKeHHsA HM YTO paspelllalollad Cnoco6HOcTp | 
3eEKTpopoTorpaduyeckoro COMA WeJIMKOM OlpeesAeTCA pasMepamu 3epHa. Hamu |} 
NOY Yauch 31eKTpodotorpaduyeckuhe H306paxKeHHA Ha OObIINX MOHOKpHcTa- | 
Jax Cepbl H AHTpalleHa, B KOTOPbIX IIPe€IBAaPHTeMbHO CO3aBaNocb toTosmeKTpetT- | 
Hoe cocTosxHHe. Bo3Mo2KHO, UTO B 9TOM CJyYae CKPbITOe 9eKTpodororpaduue- } 
CKoe H300paxkenhe OblI0 OOYCNOBCHO NOKaIH3allHeli 3ICKTPOHOB Ha YPOBHSAX, | 
CBASAHHBIX C flepeKTaMH CTPYKTYPHI. 
B mpopeyenud nactosme paOoThl npHnumMamu yuacrue A. V1. Jlenosa u | 
A. H. Iaaromes. 
Astop mpuuHocuT riry6oKy1o 6larofqapwocTtb akag. A. B. Ily6uuxosy 3a | 
BHUMaHHe K paOoTe H oOOcyKeHHe ee pe3ybTaTOB. a 


Uncrutyt Kpuctammorpadun Tloctynusto 
Axkaylemun Hayk CCCP 14 V 1957 
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PHSHKA 


E. J. UWIYKUH, 10. B. FOPIOHOB, H. B. MEPILOB u B. H. PO)KAHCKHU 


O NIPHPOXE HEPABHOMEPHOCTH ITIJIACTHYECKONH JE®OPMALINH 
METAJWJIMGVECKUX MOHOKPHCTAJUJIOB 


(IIpedemaéaeno axademuxom I]. A. Pe6undepom 12 IV 1957) 


Kak OblwIO paHee HAMM TlOKa3aHO, OObMHO HaOIOJaeMble pH pacTA*xKenuh 
MOHOKPHCTAaJJIOB WHHKa JePOPpMalMOHHbIe CKaUKH BeTMUHHOLO OT 0,6 No 20 pu 
HMEIOT CJIOXKHYIO CTPYKTYPY H ABJIAIOTCA CYMMOH PAJa 3JIeMeHTapHBIX CKAUKOB, 


——$____ 


1CER. 
Puc. |. Manpie ckauku Ha KaqMMH: a — 3anvcb epopMaunu, 6 — 3anucb cbpouta 


CKaukKa 3JIEKTPHYCCKOTO CONPOTHBJIeCHHA 


MpOUCXOJAMLUX B PasJIHUHbIX CeYeHHAX KpucTada. JlaBuHa JIEMCHTAaPHbIX CKay- 
KOB BbI3bIBaeTCA JIOKaJIM30BaHHbIM B OJHOM CeYeHHH KPHCTaJJa HHUA pYIOWMM 
CKauKOM, KOTOpbIft OWeHHBasIcA BemMuHHO!O OT 700 yo 2100 A (,”). 


< vs ‘i. 
7 CGK. 


Puc. 2. Manpie cKauKH Ha OJloBe: @ — 3allucbh JeopmMaluu, 6 — 3anucb (PpoHTa 
cKauKa 3JIEKTpH4eCKOrO COMpOTHBJIeHHA 


Heo6OxoluMocTb UCCIeIOBaHHA 3JICMeHTApHbIX CIBUrOB MoTpeOoBasla pe3- 
KOFO CHW2Ke€HHA HHEPUHOHHOCTH MpHOopa M NOBbIIMeHHA ero UYBCTBUTebHOCTH 


qo 50 A (?). Pacrs2Kkeuve MoHOKpucTaJI0B QuameTpom oT 0,4 Xo 0,8 MM 43 BecbMa 
Te. 


yucTbix (99,99%) WnHKa, KaJIMHA, OJIOBa, CBHHIWAa HW aJIIOMHMHAA MPOM3SBOAMOCb 
IIpH MOCTOAHHOM Harpy3ke, HeCKOJIbKO MIpeBblllatollel NWpelel TekyuecTH, TIpH § 
KOMHaTHOHM TemMMepaType. Bo Bcex cilyyaix, KpOMe aJIIOMHHHA, OMHOBPCMCHHO 
C JedopMallve 3anCbIBayIOcb H3MeHeHHe 9JIEKTPHYeECKOTO COMPOTHBJIEHHA } 
oOpasila. 

B mpotiecce pacTaKenua JIA WHHKa, KajJIMMa HW OJIOBa 3aNMCaHbl MHOTOUHCIIeH- 3 
HbIe Masible cKauKu or 150—200 A go 2000 A c AuutTenbuocTbIo oT 1—3 Jo jj 
30 mcexk. (puc. 1 u 2). Uspeqka na6moganucb cKauku Jo 10—15 thc. A, OObIKHO- ¥ 


7 0€K. 


Pue, 5. J[nutenbupie CKauKH Ha OJloBe: @ — 3allcb AetbopMalluH, 6 — 3a- 
MCh (PpOHTa CKauKa 3JIEKTPH4eCKOrO CONPOTHBeHHA 


BeHHO COCTOAUIHe H3 HeCKOJIbKUX MeHbIUMX. BBM 3amvcaHbl Takxe (oco6eHHO 
JIA OJIOBa, PHC. 3) 3HAYHTEIbHO Me€Hee APKO BbIPAKeHHbIe CKauKH OT | JO 5 THIC. 
Ac uTembHocTbio 100—250 mcexk u Govlee, rpaHvuallive Cc TeM, 4TO CJeLyer # 
Ha3bIBaTb y2Ke H€ CKaUKOM, a Oovlee HIM MeHee Pe3KHMH HeEOAHOPOAHOCTAMH — 
YCKOPeHHAMH TeYCHHA JVIMTeJIbHOCTbIO NopsAyKa | cex. u Gomee. Ilocmequue, 


500K 
Puc 4. Sanucb Heo,HOpoaHOH JehopMalun aIoMHHHA 


HapAaAay C APKOBbIPaxKeHHBIMH CKaYKaMH, C OJHOH CTOPOHbI, HM yuacTKaMH 
COBepUIeHHO OAHOPOAHOrO TeyeHHA — C [pyroli, HMe@IM MeCTO Kak Ha OWIOBe, 
TaK HW Ha WHHKe HW KaiMun. 

TujaTebHBIM MHKPOCKONMYeCKHM HcceqOBaHHeM epopMHpoBaHHEIX KpH- 
CTaJIJIOB YCTAHOBJICHO, UTO HaOwMOAaBUIvecA TePopMallHOHHbIe CKaUKH OO ycuIOB- 
JIGHbI CABHrOooOpa3s0BaHveM, a He JBOMHHKOBaHHeM. 

Uncio HaOsl0aeMbIX CKaUKOB BO3pacTaeT C YMCHBbINeHHeM UX BeHUNEBI 
(BO BCHKOM Cyly4ae, Jo 250—300 A); 661buIad BepOATHOCTh NOABJICHHA MaJIbIX 
CKauKOB YKa3bIBaeT Ha TO, YTO, MO-BHAMMOMY, He CYLecTByer MHHHMaJbHOL 
BeJIMUHHbI CKayKa, HO MOXKHO TOBOPHTb O BepXHel rpaHulle 2eMeHTapHoro 
CABHra, JOKaIH30BaHHOrO B OJHOH 30HE CKOJIbXKeHUA. | 

Ha MOHOKpUcTaWiax aJIOMHHMA HM CBHHIAa APKO BbIpaxkeHHoli ckaykoo6pa3- 
HOCTH He OOHapyxeHo. OOpasilel W3 CNeKTPa/IbHO-uNCcTOTO aIOMHHMA jaan, 
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WHaKO, OTYETJIHBbIe HEOAHOpOAHOCTH TeyeHHA (pc. 4), HaNOMMHaIOWIKe Win- 
@IbHbI€e CKAaYKH Ha OVJIOBe. 

OTH HOBbIC JaHHbIe OTHOCHTEIbHO MaJIbIX CKAYKOB Ha pa3vIMUHIX Merasax 
MOATBepXKAaloT BbICKASaHHOe PaHee B CBA3H C MCCMeqOBAaHHeM OOVIbIIMX, JO 
0—30 u, CKauKOB Ha IWHHKe NpeANosO*Kenve O NpophiBe NaBMHI AucmoKanit, 
HaKOMMBINeHCA BOSJIe HEKOTOPOTO MIPeNATCTBUA B MJIOCKOCTH CKOJIbKCHUA, KaK 
MpWuHne 3IeMeHTapHOrO ePopMallMOHHOro cKauka (7). JA NOToTOBKU WaBUH- 
HOrO CABHrOOOpasoBaHHA BbITOAHO C STO TOUKH 3peHHA HamMuHe ONHOH WAH 
Mpe€HMYUeCTBEHHOM CHCTeMBI CKOJIbYKCHHA Kak B TeKCarOHaJIbHOM CTpPyKType 
WMHKa WU KajIMHA, TaK M TeTparoHaIbHOM — ooBa. Hasmuune xe HeCKOJbKUX 
| PABHOMPaBHEIX CHCTEM CKOJIb%KeHUA (KYOMYECKaA rpaHelleHTPpUpOBaHHas CTPYK- 
Typa aJIIOMHHMA, CBHHIa) He OyeT CHOCOOCTHOBaTb HAaKOMVJICHHIO JaBHHbI JMCJIO- 
Kalla. JleicrBuTesibHO, Ha aJIIOMHHUM VM OCOOeHHO CBHHIe OTUCTIMBOM CKaUKO- 
oOpasHOCcTH Mp Tex xe YCOBHAX SKCHepHMeHTa HaMH He OOHapy2xKeno. 

HaOso0aBliveca HaMH B UX JMHaMHKe JecbopMallMoHHble CKaYKM H WwaBHOe 
TeyeHHe e€CTECTBEHHO COMOCTaBMTb C TaK Ha3bIBaeMbIMH FpyObIMH HM TOHKHMH 
JMHUAMH cKOIbxKeHHA (*). Ja OObACHEHHA BOSHHKHOBeCHUA PpyOoro CKOJIbxKe- 
“HMA ObWIM pasBUTbI MpescTaBseHHA O POPMUpOBaHHN COpocoBbIx rpymn Bose 
‘TpaHHll O0KoB, CHAAGHX AuCIOKaWMu, BkMOUeHuE UT. HI. (°,°). 

Tloqo6ubie OOpa3s0BaHHA, B 3aBHCHMOCTH OT MX pOJla, HMHTeCHCHBHOCTH U 
XapakTepa paccacbIBaHHA, MOryT JaBaTb He TOJIbKO ObICTpble CKaYKH, HO U 
-MeHee ApKHe (POpMbI HEOAHOPOAHOCTH TeYeHHA, KOTOPbIe eCTeCTBeEHHO OXKHaTb 
Mu TOra, KOra YCIOBHA [WIA (POPMHPpOBaHHA APKO BbIPaxKeHHbIX CKaUKOB 
HeONaronpuATHb! (KyOMYeCKand paHelleHTPHPOBaHHad pellleTKa YMCTbiIX MeTAaJ- 

| JIOB) *. 
TakHM O0pa30M, HeOJHOpOAHOCTH TeyeHHA HapsAy Cc HaHOomee APKUM UX 
-TIpOABJIGHHeM — OLICTPbIMH CKa¥UKaMH JOJIKHbI paCCMaTPHBaTbcA Kak OOUTee 
“aBsleHHe, OOYCIOBIeHHOe MCIOKaWMOHHOH Mpuposol muacruyecKkolt Necop- 
Mallu. 


Orjen qucnepcuprx cuctem Mucrutyta cbusnueckoH XHMHH Tloctynuvo 
Axkayemunu Hayk CCCP, ; 31 Velo 


Kadheazpa kKoIov“qHOH XHuMHu 
Mockogckoro rocylapcTBeHHOrO yHHBepcuTeta 
um. M. B. JlomoHocosa 
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* Jlaxke mp HaMuMM HeCKOJIbKUX PaBHOMpaBHbIX CHCTEM CKOJbACHHA MOMKHO NOMNYCTHTb 
cbopMupoBanne 1 ObicTpbIli BbIXOA BECbMa MAJIBIX JlaBHH, KOTOPbIe YYBCTBUTCMbHOCTh YCTaHOBKU 
moka He Mo3BouseT OOHAPyXKUTb. 
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Jlokxaaymn Akagemun nayx CCCP 
4 1958. Tom 118, Ne 2 


TEXHHYECKAS PH3HKA) 


VM. B. BOPOBCKHH, K. I. FYPOB u WO. LF. MUJIJIEP 


BJIMSAHUA XPOMA, MOJIMBXEHA HU BOJIbBPPAMA 
HA CAMOJNO%Y3HI0 DKEJIE3A B PA3BABJIEHHbIX a-TBEP][bIX 
PACTBOPAX 


(ITpedcmaeaeno axademuxom T. B. Kypdwmoeom 7 VIII 1957) 


JlubbysvoHHad MOXBY2KHOCTh aTOMOB SABJIAeTCH BaxKHOM GusHyecKoH HU) 
TeXHHYeCKOH XapakTepucTHKoH cmuapoB. Ilo xapakTepy w3mMeHeHHA Kkoacp-F 
cbuluenta camoyudpy3HH B 3aBHCHMOCTH OT COCTaBa CIJlaBa MO%KHO CYj{HTBE 
O XapakTepe H3MeHeCHHA CHJI CBA3eH B 9THX CIlaBax. 7: 

Haim uccieqOBaHuA 2JIeKTPOHHOTO 3HeEpreTH4uecKOrO CMeKTpa pa3OaBJleH-f 
HBIX TBEPIbIX pacTBopos (!) HW aHaJIM3 JaHHIX APyrux aBTopos (*) NpHBeIH Hac} 
K Pa3BUTHIO MOJ@IbHBIX IpefcTaBIeHHH OO OCO6OM xXapakTepe 3JIeEKTPpOHHOTO} 
cieKTpa TaKHX CHCTe€M HM HaJIMUMA Y HHX JOMOJIHMTCIbHBIX JIOKAJIbHBIX CHI 
cBA3eli B Cyyae, eCIH OCHOBOH pa30aBJIEHHOrO TBepOTO pacTBOpa ABIAeTCH} 
MepexOHbIt MeTasJI, ATOMbI KOTOPOTO MMeIOT <flectpeKTHBIe» (HeOCTPOeHHEIe)| 
(n—1)d- u (n—1)f-SeKTpOHHBIe OOOJIOUKH. . 

Jia W3yueHHA BIMAHHA Ha caMmoyuddpysuro xwenesa Cr, Mo u W Opiot 
BbIMIaBJICHO MO INeCTb CNIaBOB KaKJOH CHCTeMbI C COJepxaHHeM BTOPOTO 
KOMMOHeHTa OT ~0,1 no 4 at. % (merupyrollad MpuMecb). OcHOBOH pu BHITNAaB-§ 
Ke ClMaBOB CJLYKMJIO SJIEKTPOJHTHYeCKoOe 2%Kese30, Mpowewmee ciellwasbHbns 
papvHHpOBOUHBI BOFOpOAHHIM OTK (°) Cc UNCTOTOH NopsyKa 99,9%. CnmaBeri 
BbIMJIABIAIMCb B KOPYHAM30BbIX THIJIAX Ha BbICOKOYaCTOTHOM TeHepaTope TO]} 
Bakyymom 10°°—10°4mm pr. cr. Ilocme BEIMaBKN CMiaBbl NOBeprasucb roMo- 
reHu3alMouHomy oTxury (1100°, 10 uac.) xomoqHoh Zehopmaluu u pekpuctas-} 
JIM3alMOHHOMY oOT*KHry. B pesyibTaTe 9TOrO NOyyeHa KpyNHOsepHUcTaA 
CTpykTypa Cc pa3MepaMH 3epeH TlopsyKa 1 MM, 4YTO NO3BOJIHJIO YMeHbINMTb 
odpdekT rpaHHuHOK Au@py3nu mpH oTKUTe B HH3KOTeMMepaTYpHONM «-OG6NacTH. | 

M3 cilaBOB BbITaYMBaJIMCh MIOCKONapadJIeJIbHbIe OOpasiibl WHaMetpom 15 mM | 
M TOJIMMHOH 6 MM. Ha oOpa3llbl 9JIEKTPOJINTHYeCKUM CNOCOGOM HaHOCHJICA TOHKHE } 
clo pawquoakTHBHOrO xKeNesa Fe°*. Tnddpy3sHouHpli oTaKUT O6pasoB NpOBOAMJI- 
CA B 3aMaAHHbIX KBapIleBbIX AMIYaX C OCTATOUHLIM JaBeHHeM Bo3fyxa 10% 
mM pt. cr. TlocrosHcTBo TeMMepaTypbl BO BPeMA OTIKUTAa NOMepxuBaoch C 
TOUHOCTHIO +-2° C MOMOLbIO MOCTHKOBOM CXeMbI, B KOTOPOL WaTUWKOM CJIy2KW 
MIaTHHOBbIM TePMOMeTP COMpOTHBIeHHA. Bpema H380TepMHYeCKOLO OTAKUTA H3- 
M€HAJIOCb B 3ABHCHMOCTH OT TeMIepaTypbl OT 50 no 500 yac.; TomHHAa Wuddbysu- 
OHHOrO CJIOA MOyyalacb Mp sTOM B Mpefetax 100—150 up. 

KosdpulunerTal camoludppysuu Fe B cnviaBax ompelesAMCb OHM H3 MeTO- 
NOB IWIOCKOMapadIeIbHOTO CHATHA COeB (*), MpelcTaBJABIUMM KOMOMHUPOBaH- 
HbIM CMOCOG NoOOYepeAHOrO MeXaHHYECKOTO CHATHA COB H AaHOAHOTO pacTBOpe- 
HHA TOHKOTO CJIOA AKTHBHOM MOBepXHOCTH OO6pa3slloB. oe | 

Ha puc. 1, 2, u 3 noKasanbl KpuBble 3aBMCUMOCTH KOspuuMenTa camosud- 
cpy3Hu »%Kesle3a OT KOHIeHTpaluH Cr, Mo u W. OxkcnepumMentasbHbIe TOUKH 
NOJIYYeHbI Kak CpeHue JIA TpeX-yeTHIPex OOPa3llOB OLHOTO HM TOLO xe cocTaBa; 
OTKJIOHCHHA OT CpeAHHX 3HAYeHHH He NMpeBpluann -+-10%. 

Ha Bcex KpHBbIxX kos pulnenT camoxudbpysun cnHauala yMenbuaercs, 
MPDOXOAUT yvepe3 MHHUMMYM IPM KOHIeHTpalluax nopsyka ~0,1 ar.%, 3aTem 
pacteT, JOCTHTad MaKCHMYMa IIPH KOHIeHTpalluaAx nopayka ~1 ar.%, nocne 
yero B HCCeqOBaHHOH OOsacTH KOHUWeHTpallu BToporo KomMNOoHeHTa (JO 
~4ar.%) W3MeHAeCTCA JIMUIb He3HauTerbHO. Hanwune uerKo BEIpaxkeHHOrO 
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(IpOBasla» B HavaIbHOH OOACTH ABJIACTCA XapaKTepHOH OCOGeHHOCTbIO KOH- 
€HTPalMOHHBIX KPHBbIX Kosdpulluenta camo_ubpysuu B pas6aBJeHHbIx 
BepAbIX PaCTBOpaxX Ha OCHOBe lepeXO/HbIX MeTaJJIOB. OTY XapakTepHyto OCO- 


€HHOCTbh MOXKHO OODACHHTb Ha OCHOBe pa3BUTOrO HaMH MOJlebHOFO mpel- 
TaBlleHusn (5), 


cm?/cek 


2 
[Cr] a 
Puce. 4 


Ilpumecb 3samemeHHaA (HIM BHeApeHuA), NOMayad B MeTaJJI OTAaeT B OGOOUIe- 
CTBJICHHY!O NOJIOCY MpOBOHMOCTH CMeKTpa CHCTeMbI CBOH 3JIEKTPOHBI C camo 
BHelIHeH OOOJIOUKH (B CJIyuae IPHMeCH MepeXOHOTO SJIEMeCHTa BO3MOXKEH TakxKe 
Nepexoy,| B MOJOCY MpOBOAMMOCTH YaCTH IJICKTPOHOB C «ePeKTHOM» O6O0UKH 


om /cek 


698°C 


TIEG 
10 


0 f 2 a 
ES ee 


Puce. 2 


4am % 


aToma mpumecu (cm. (°)). B oOujem cily4¥ae 3ApAMHOCTh ATOMHOYO OCTOBa MpHMecH 
OTMMIHA OT 3aPpALHOCTH OCTAJIbHBIX ATOMHBIX OCTOBOB. H30piTouHad 3apAHOCTS 
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(moryujad ObITh O6OMX 3HaKOB) MpHMecH paccMaTpuBaerca KaK BO3MYIILeHHe yl) 
IIpHBOAAIee K ecpOpMaILUH MlOMOC SHEpreTHYeCKOTO OAHOSMEKTPCHHOTO cieKTpa@ 
CHCTeMBI. STOT BO3MYWalOuIM MOTeHIMadl — KOPOTKOJeHCTBYIOUMH. Tlostomy | 
jepopMallUsl SJIeEKTPOHHOTO aHepreTHyecKoro CleKTpa HMeeT OKA bHbIM xapak ; 
Tep HB pesybTaTe MpOHCXOAUT MpocrpaHcTBeHHoe MepepacipeneiieHHe 3J1eK; 


TPOHOB HeMOJIHOCTbIO 3aNOJIHCHHBIX NO0C (IA BbIPABHHBaHHA 9HEprHun 
3JIEKTPOHOB 0 ypoBHio @Mepmu). Takoe mepepacnpeyenenHe 3aTparuBaeti 
QJIEKTPOHbI «ePeKTHbIX» OOOJIOUeK ATOMHBIX OCTOBOB MeTaJIJIa-OCHOBbI, BCJIEI- 
CTBHe YerO MEHACTCA 3apAQHOCTb COOTBETCTBYIOWIMX ATOMHBIX OCTOBOB B O04 
wacTu, rye spdeKTHBeH NOTeHWMal BOSMYILCHHA H3ObITOUHOTO 3apAaAya MpHMecu. 

TeoperuueckH H3MeHeHHe 3PPeKTHBHOH 3apAJHOCTH ATOMHbIX OCTOBOB OC4 
HOBbI MO2KHO paCCMaTPHBAaTb Kak NOABJICHHE B COOTBETCTBYIOMIUX y3s1aX KPHCTaJ- 
JIMYCCKOH PeWeTKH «HHLYUMPOBaHHbIX» IpHMeceH. SHaK H3ObITOUHOM 3apAHOCTH) 
BCerla MPOTHBONOJOKeH 3HaAKY H3ObITOUHOH 3apAHOCTH OCHOBHOW MpuMech.| 
Ilostomy Mexy OCHOBHbIMH HM HAAYUMPOBaHHBIMH TIpHMeCAMH NOABJIAeTCH, 
JONOJIHUTeIbHAA HallpaBJIeHHaA CBA3b, B pe3yJIbTaTe “ero OOpasyroTCA ycTOH-' 
YMBbIe OJOKH yYIpOouneHHA (OMKHUH NopsyoK). [pu mepexppiruu cep el- 
CTBHA MOTeHIUMaJIOB BOSMYIU[CHHA OCHOBHBIX IIpHMeceH NOABJIAIOTCA HHTepdepeH- 
IMOHHbIe SpekKTh, OCMaOAIOULMe yNpOuHsAioMlee elicTBue O0KOB. IIpu nos- 
HOM IlepeKPbITHH cep WelicTBUA IpHMeceH, KOra OCHOBHbIe IPHMeCH HauMHAaIOT 
B3aHMOJeCHCTBOBATbh MexXLY COOOH, GJOKH UCcuesalOT H YCTaHaBJMBaeTCH Mex- 
aTOMHaA CBA3b, XapakTepHaA [VIA CMIAaBOB. 

TakuM OOpa30M, CyleCTByeT ONTHMaJIbHaA KOHICHTpaluaA MpuMecH, MpHu 
KOTOPOH JelicTBHe OIOKOB HaHOoulee acpeKTHBHO, H BEPXHHU Mpeles KOHMeHTpa- 
IMM WIA CYU{eCTBOBAaHHA OOKOB. ITO HaXOJHT CBOe OTPaxKeHHe B XOJe KPHBOM 
3aBHCMMOCTH KOSdppHUMeHTa Camoupy3Hu OT KOHWeHTpaluu mpumecu. Jina 
aTOMOB BHYTPH OOKOB 3aTpyAHeHa HX MOJBUXKHOCTh B CHTY HaM4uA JONONHH- 
TeJIbHOH HallpaBeHHoH cBa3u. IIpu pocre KOHMeHTpaluu MpuMecu OT HYJIA 
pacteT uMc0 OJIOKOB HU, CleOBaTeIbHO, YMeHbIUNaeTCA KOIpPPHIMeEHT Ccamozud- 
cpysun. Ilpu KOHMeHTpalHH MpHMecH, COOTBeTCTBYIONIeH «MIOTHOM ymakoBKe» 
OJIOKOB, KpHBasd Koadpuunenta camoszudpysuu uMeer mMuHumym. IIpu panbueli- 
WeM BO3paCTaHHH KOHUeHTpalun MpuMecH, B OONacTH MepeKpbITHA GOKOB, 
aTOMbI HMMCIOT yxKe He OJHY, a HeECKOJbKO JONOMHUTCJIbHEIX HallpaBJIeCHHbIX 
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a3el, “MHTepPepeHUMOHHbIe» sPPeKTbI IPHBOLAT K YMeHbILeHHIO orpaHHueHui 
A MOMBY2KHOCTH aTOMOB HW kK YBeJIMYeHMIO KOSPHUMeHTa camosudpysun. 

| Mojeb pre MpeAcTaBeHHA PaSBUTbI JIA aOcoOJIOTHOTO HYsIa TemMMepa- 
YPEl HM HAeabHOM KpHcTalMuecKOH crpyKTypbl. Temneparypupii cbakrop 
KaxKaeT ABJICHHEe, OHAKO MPHBeCHHbIe PC3YJIbTATbI MOKAS3bIBaIOT, UTO KayectT- 
ReHHO XOJL KPMBOH KosdpuuMenTa caMoLuppy3HH COOTBETCTBYeT O2KUaeMOMY. 
ibbexTEr camoqudpysuu mo rpaHuwamM 3epeH CTPYKTYpbI JIMUIb cabo ucKa- 
SalOT NOJIYYeHHbIe KOHICHTPalMOHHble KpuBbIe. B aTOM Hac yOexkaer coBep- 
€HHO aHa/lOrHuHad (POPMa KPUBHIX 3aBHCHMOCTH KOSpulNeHTa MHHeHHOTO 
HACIUIMPCHHA OT KOHICHTPallMH BTOPOrO KOMMOHEHTA, MOJIYYeHHBIX Ha 3TUX 
| € OOpasilax (*) (IMHeliHoOe TeMlepaTypHoe pacllMpeHue ecTb 4MCTO OOBeMHBIii 
Ibex). 

| Hawune Ha SKCMepuMeHTaJIbHbIX KPMBbIX JOBOJbHO 4eTKOrO MUHAMYMa 
RacT BOSMOXKHOCTS rpyOo OlleHHTb pa3MepbI O0KOB (adcbeKTHBHBI paluyc 
KCHCTBHA NMOTeHWMaa U8OnITOUHOTO 3apxAla upuMecu). OOosHauHM KOHIeHTpa- 
aio (B ar.%) MpHMeCH, COOTBETCTBYIONLYIO MHHUMYMY UePe3 Cy H MpHMeM, 


i 


ITO OOK uMeloT ciepHueckyio dopmy. Torga 


N V 

up PEN he ah eM uae AY E 
Cue = AP 100 = yy eer eet an 
3 “abo '*~ 


I 


ae N — uncsio y3n0B KpucTanmuueckoli pemerKu, Nzp — 4HCIO aTOMOB 
‘ipumecu, V — o6bem cucrembl, V,,— OObeM JJIEMEHTAPHOH AueHKU JIA aHHolt 
KPHCTaJIIMYeCKOH CTPYKTYpbI (QA a-TBepyoro pactBopa V,,=a?, re a — n0- 
<TOAHHAA OObeMHO-ILEHTPHPOBaHHOH KYyOMYeCKOH peleTKH), ¥ — 4NCIO y3- 
NOB Ha AueHKY (B Halliem clyyae x=2). Orcioqa Rspp=12' ac—'s 


MHH 
| OlleHKa lo sToH popMyule B clyyae Camomudpy3uH B a-2xXeese WIA sccdbeKTHB- 
oro pauyca JelcTBHA MCC/IeqOBaHHbIX MpHMeceHt JaeT 3HaYeHHA NOpAKa 
10 A, uTo cormacyeres c nosyaMmMpHueckuMH OlleHKamu Mora (8) paquyca 9Kpa- 
MpOBaHHA MpHMeceH, HCXOAA H3 JaHHbIX MO OCTaTOUHOMY JJIEKTPOCONPOTHBUJIe- 
Huio (*). CiekyeT OTMeTHTb, YTO Halla OWeHKa pa3MepoB 6I0Ka HeCKOJIbKO 
3aBbIlleHa, TAK KaK B pacueTHY!O (OPMYJY MOACTAaBJAIOCb 3HAYCHHE Cyn, 
ONpeeABIIeeCA H3 OMbITHOH KpHBOH. OHako Halla HYyJIeBad TOUKa KOHILeH- 
TpalldM He COOTBeTCTBYeT UeaIbHO YHNCTOMY KeNesy. EcuM onpeyesATb 3Haye- 
HMC Cum OT HCTHHHOFO HYJIA, TO WIA pasMepa OlOKa MOJY4HTCA MeHbluee 3Haye- 
Hue. IlomoxeHHe TOUKH MaKCHMYMa KPHBOM TOKe MOKeT ObITb UCMOMb3OBAHO 
WIA OWeCHKH a:pdbeKTHBHOTO pafuyca JleHCTBMA IpHMecH. KOHIMeHTpalluaA B TOUKe 
MAKCUMYMa COOTBETCTBYeT HauaJly IpAMOTO B3aHMOJeCHCTBHA MexK Ly IpHMecaMH, 
T, €. paCCTOAHWIO MeXKIY HAMM, paBHOMYy UX 9cppeKTHBHOMY payMycy evicTBHA 
(Imeem: 


 (V/Vau)* Revs 


IlpuBeyeHHpre Be OWeHOUHEIE COPMYJIbI alOT BO3MO2XHOCTb COCTABUTb 
COOTHOIMeHHe, JOCTYMHOe OMbITHOH MPOBEPKe: Canc & 4,2Cmun- 

Kak BHJHO H3 HallIMX KPMBbIX, ITO COOTHOWIeCHHE YOBJIETBOPHTEJIbHO BBITIOJI- 
HACTCA, UTO MOXKHO PaCCMATPHBATb Kak JONOMHUTeMbHOe NOATBEpXK enue Hallux 
MOJICJIBHBIX IIpecTaBJIeHHi. 


VUuctutyt mo Metanmypruu um. A. A. Baiikopa Tlocrynusao 
Akazemuu Hayk CCCP 19 VII 1957 
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TEXHHYECKAA ®HSHKG 


10. A. CKAKOB, H. H. UEPHHKOBA u A. B. WWAPITATKMHA | 
O CTPYKTYPE HW COCTABE KAPBUJA HM3KOOTIYIEHHOM CTAJIEG 


(IIpedcmaeaeno axademuxom I. B. Kypdrmoseim 19 VII 1957) 


Jlo cux nop B Halleli 1uTepaType WUCKYTUpyerca BONpoc O Mpuposye KapOuyal 
oOpasyloulerocaA pH Hu38KOM oTHycKe cra. Ilepponayanbupili BprBog M. If 
Ap6ysopa u I. B. Kyptomoza (7) 06 oTmmuuM cTpykKTypbI KapOuya HusSKO 
OTHYICHHOH CTaIH OT CTPyKTYpbI WeMeHTHTa OBI] BMOCeLCTBHM OTBeprHy’ 
M. II. Ap6ysospm (?). B To xe Bpema E. HW. Onumuxk u A. C. Ymancxun ( 
NoKa3aJiv, YTO HHTepdepeHWMoHHBIe scdekTH, HaOsuogaBuineca M. II. ApOysoy 
BbiM, M. B. Ucaiiuespim u T. B. Kypaiomoppm, moryr ObITb CBA3aHbI C OOpa30& 
BaHHeM KapOufla C KOMIMaKTHOM FeKCarOHaJIbHOH pelieTKOH MeTaJJIM4UeCKH} 
aTOMOB THIla ¢-HHTpHfla *Kevlesa. q 

Hescew TakxKe BOMpoc 0 cocTaBe HU3KOTeMMepaTypHOH KapOuqHON casbie 
Axsrtopbi paOoTnt (*) yKa3bIBaJIH, YTO COCTAB MeTaCTaOHJIbHOTO KapOuyja He MOKE 
CYILeCTBEHHO OTJIMUATbCA OT cocTaBa WemMeHTHTa Fe,C, HO B Oovlee NO3QHH? 
paOoTax 9TOMYy KapOuly UpunucpiBaetca coctaB Fe,,,C nu fame Fe,C. JbxKer 
(7), conocTaBJIdA CBOH Pe3yJIbTaTbLI H3MepeHHA OObeEMAa JJICMCHTAPHOM AUeHKIE 
TeKCarOHaJIbHOTO «e-KapOuyla» c JaHHbIMH WIA KapOugla, H3yyeHHOrO B paborTe 
Xodepa Hu Ap. (°) M koTOpomy npumucart 
coctaB Fe,C, qomyckaeT, 4TO reKkcaro: 
HaJIbHbIM KapO“ B cTamu OG6oraLyer 


(Jt) 


Ta6mauna 1 


: omy awe Otnyck mpu 200° YrulepOJOM MO CpaBHeHHIO C IeMeH- 
= THTOM. 
e , | ae 1 |, aie pap ech Hamu mpopeyeno 3u1eKTpoHOrpadu- 
3 a1.) yeckoe UCCeqOBaHHe OTNYCKa yrsepo- 
qucToH cTamu coctapa (B %):C 0,58%, 
yl Ge en S05 rch de ae Mn 0,10%, Si 0,08%, S 0,033%} 
Pim i ay AE Oa grec ide if P0,005% uN0,017%. O6pasupr nozBep- 
Sa elie ayer LOO) rach 3aKaJIKe B BOJe M OTMYCKy 1pH 
eae cae »16| (002)  TeMMepatypax 100; 200 u 400° B reve. 
6| | eee es (104) Hue | uaca. [locue THyaTesbHOL MeTaJJ10- 
Dt en 2s ae ee Ly: ae rpaduyeckohH MOXroTOBKH OOpa3lloB ¢c 
8] cp. | 1,88 | o.ca. | 1,86 = MCHOJIb30BaHHeM TvIyOOKOrO 3/IeKTpo- 
_9 /0-0.c1 Ove ee ris a: JIMTHYeCKOO TpaBJICHHA (B BOAHOM pac- 
Oi) ep. 1620 eCD em elenol 102 S *) 
Vidliox cenel debe TBope KCl c q06aBkoli JMMOHHOL KUCIO- 
12 |0.0.ca.| 1,43 | — es a Tbl) CHHMaJIMCb 3JICKTPOHOrpaMMBI «Ha 
i : fe hie oe 1,37 110 oTpaxkenne». C o6pa3ita, OTMYyuLeHHOTO 
lan 194 ainsi 103 mpuH 100°, ‘He yAanoCb NMOIYWuTb yNo- 
16.| <p, 14,19 | — be - BJICTBOPHTebHOH  3JIEKTPOHOTpaMMbI. 
Av |, op. | t,40 | <p. Pp aete 412 PesyuJIbTaTbl, MOJLYYeHHbIe WIA oO6pas- 
toy epe 1.24 i0B nocie oTNycKka mpu 200 u 400°, 
ai4 mpuBpeseubt Ha puc. lu 2 uBrTaoa. 1. 


Mnpulnpospanve JIMHMH 9JIeKTpOHO- 
rpaMMbI OOpasila, OTMYNeHHOTO TIpH 
200° (puc. 1), a Takxke H3MepeHHA H pacuer MHTeHCHBHOCTeM OJHOSHATHO TOKa- 
S3bIBaIOT, UTO KapOUA HHSKOOTIYMeHHOM CTaH UMeeT rekcarOHaJIbHY1O pelleTKy 
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* Omn6ka He npeBocxogut 0,01 A. 


Puc. 1. Onextponorpamma oOpa3- Puc. 2. OimekTponorpamma oOpa3- 
wa mocse oTmycka mpH 200° (re- wa mocme oTnycka mpu 400° (ue- 
KCarOHaJIbHbIM KapOuZ) MeCHTHT) 


MIOTHOH yMaKOBKOH XKeJIe3HbIX ATOMOB; pa3Mepbl S/IeMeHTAapHOli sAueHKH 

2,73 A, c = 4,34 A. Ha aaextponorpamMe o6pasia nocje oTmycKa mpH 
0° umeetca «IMMmHAK» HHUA d/2=1,86 OueHb craboli MHTeHCHBHOCTH, COBra- 
folulad C JIMHMeM, XapakTepHOl Wa Wementura. Bo3moxxo, ormyck npu 200° 
PpHBOMUT K OOpa3s0BaHHiO HeOOJbINOrO KOJIMYeCTBa WeMeHTHTa, HeCKOJIbKO 
apaKTePHBIX JIMHHM KOTOPOTO HakJlabIBaIOTCA Ha JIMHUM «-KapOnga». Tlocae 
mycka mp 400° rekcaroHabHblit KapOu mpakruyecku OTCYTCTBYeT. 

Ha 91eKTpoOHOrpaMMe reKcaroHaIbHOrO KapOua OTCyTCTBYIOT OTPaxKeHuA 
wuyekcamu (00/) u (hkl) ch + Rk = 3n npu 12n, vT. e. crpyKrypa KapOusya 
Ka3bIBaeTCA HCHTHYHOK OHOM M3 CTPYKTYp ¢-c:basbl CHCTeMBI 2%Kee30 — a30T, 
cememoBanuplx 3. I. [Iuackepom u C. B. Kapepuusim (7). Anau3 HHTeHCHBHO- 
Tel OTPpaxKeHHH MPHBOAMT K BBIBOAY, YTO HeMeTasIMYeCKHe aTOMBI (aTOMBI 
Taepowa) pachoJlaraworca CTaTHCTHNeCKH paBHOMepHO B OKTadqpHuecKUX 
opax reKCaroHaJIbHOH KOMNAKTHOH pellleTKH, OOpa3s0BaHHOH aTOMaMH 2xKewe3a. 
OHATHO, UTO Taka CTPYKTYPa MOXeT BO3HHKATb B IWMPOKOM OOMacTH KOH- 
eHTpauut Wu dbopmyia Me,X onpefeiseT MUIb MpesetbHOe COsepxKanHe He- 
eTaJIJIM4eCKOTO KOMMOHeHTA. 

J\a BbIACHeHHA BOMpoca O cOJepxKaHHU yruiepofwa B KapOuse HU3KOOTIY- 

WeHHOH CTaJIM ObWIM CieaHbI reomeTpHyeckue pacueTol. 
IIpu mpoBeyeHuv reoMeTpHuecKHX pacueTOB 3a MCXOJHbIe ObVIM B3ATHI pas- 
MePbI 3JIEMeHTAPHOH AYeHKH ¢-C:pa3bl CHCTeMbI *%KeNe30—a30T, T. €. COeMMHEHHA, 
JIA KOTOPOrO HMeIOTCA JOCTOBepHble JaHHble 0 cocTaBe. Kak H3BeCTHO, Mpeyeb- 
ioe COflepyKaHHe a30Ta B ¢-(pase OTBeYaeT cocTaBy Fe2N (°). [IpHHumaa Wa He- 
MeTaJlIM@4ecKHX aToMoB (C u N) sddekTHBHble 3HavYeHHA ATOMHOTO pajluyca B 
asax BHepeHua Tuna MeyX (fr. = 0,73 4 rN = 0,69)  HCXO_A M3 MaKCHMaJIb- 
HBIX Ppa3MepoB aAueHKH Fe2N (a = 2,765, c = 4,41 A (*)), MbI nomyausmH cue- 
yiollve pa3sMepbl 3IeMeHTapHOH aueHku aA cbaspr FeeC crexnomerpuyeckoro 
Beda? 0. =.2593, -C = 74,6254 *. 

IlyreMm JIMHeHHOH VHTepMOAWHMH MO H3MeHeEHHIO OObeMOB 3JIEMeHTapHOH 
AueHKH TeKCaroOHaJIbHOH KOOPJMHalHu, MOCTPpOeHHOM U3 Kesle3HbIX ATOMOB, 
B 3€BHCHMMOCTH OT COepKaHuA yruiepofa, Mbl NOY [IA «2-KapOua» cosep- 
*KaHNe yruepofa oKono 16 at. %. PacueT MoO M3MeHeHMIO MepHosa a jlaeT 
18at. % C. Takum o6pa30M, MOXKHO MpenouaraTb, 4YTO cocTaB «:-KapOuJa» 
IpHMepHo onucblBaetca PopmMysioH FeaC. 

ABTOpbI BbIpaxkatoT OarofapHoctb C. B. Kapepuny, T. B. Kypztomosy, 
A. C. Ymauckomy 3a o6cyxeHHe pe3yJIbTaTOB padorbl. 


MockoscKHii MHCTHTyYT cTaJM Tloctynua10 
um. HM. B. Cramuua 5 VII 1957 


UHMTHPOBAHHAA JIMTEPATYPA 


2M. Tl Apo6Oysos, T. Bu K yp x0 Mos, JKT®, 10, 3. 3 (1940). 2M. TW Apoy- 
30 B, JIAH, 73, Nel (1950). % A.C. YmMaucxku it, Tp. Mockoscx. uucr. cramu, 28 (1949). 
* ie. EL WAC lk, de Neto eval Sisal Wisin, 1, I (Ry, 2 IE, Isl@ ier, 18. Al, Gon m, 
W. Peebles, J. Am. Chem. Soc., 71, 189 (1949). © A.C. YMaucku it, Pu3znueckoe 
MeTammopeqenne, M., 1955. 73.7. unecxep,C. B. Kapep uu, JAH, 96, Ned (1954). 


* Tlo qaHHbIM paOoTsl (°) 21d wKeme3HOro KapOuga Co cTpyKTypoit Tuna Fe2N a = 2,749 1, 
c = 4,320 A. PacxomjeHue 9THX JaHHbIX C pe3ybTATAMM Halllero pacueTa, BO3MO%KHO, CBA3AHO 
¢ TeM, UTO aBTOpbI paborTol (5) AMenM eso c (paso HeMpekeMbHOroO CocTaBa. ITO MHeHHe NOTBep- 
KMAeTCA MPOCTHIM COMOCTABAeHHeM Pa3sMepoB AYeIKH TeKCarOHaIbHOrO KapOua *Kelesa, Mody- 
YeHHIX B paOoTe (°), C MpHBeAeHHBIMM BbIllle JaHHBIMH (’) AIA HATpHda FeN. 
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Jloxaagp AkawemMun HaykK CcCcCcP q 
1958. Tom 118, Ne 2 / 


TEXHHYECKAD PH3HKN 


A. M. TKOTHKOB u A. H. E®PEMOB 


BTOPHYHO-IJIEKTPOHHBIE YMHODKHTEJIN JIA PETMCTPAUWMH 
JJJIMHHOBOJIHOBOrO PEHTTEHOBCKOrO H3JIY4EHWA 


(ITpedcmaseneno akademuxom A. A. JIe6edeeuim 22 VII 1957) 


OHMM H3 BaxKHbIX BOMpOCOB TeEXHUKM CMe€KTPOCKONMM B BaKYYMHOH OOMACTI 
PeHTTeHOBCKOTO CHeKTpa ABAeTCA BONpOc O BEIOCOpe MpHemMHUKa. BesescTBue 
CHJIbHOrO NOrOuleHHA H3yyeHHuA B OOMacTH 20—600 A TakHe MpHBbIUHBTt 
MpHeMHUKH Kak coTommacTuHKa (!), rasoBbiii cueTunK (°,°) CTaHOBATCA KallpH3 


} 
q 
' 


Puc. 1. OOmuii Bu BTOpHNHO-a1eKTPOHHOTO yMHOXKUTeIA 


HBIMH, MaslO adPeCKTHBHBIMH WJIM OUCH HEYOOHbIMH B pacore. Mbsbek THBHOCTH | 
9THX MIPH€MHUKOB pe3KO Majlaer C YBeMYeHHeM JWIMHbI BOMHbI. Tak, odpbeK-. 
THBHOCTb cyueTunka [Talirepa c OKHOM B Bue LenyiouquHol maenku 1000A. 
B paoue 400 A cocTaBsAeT BCerO HECKOMbKO JeCATHIX IPOMeHTOB, H3-3a HOTO-- 
Il@HHA B OKHEe. 

IIpHMeHeHHe BTOPHYHO-3/1eKTPOHHOTO YMHOXKUTeIA OTKPHITOrO TuMa (yMHO- 
KUTCb NOMeH{aeTCA B BAKYYMHOM OObeMe cieKTpoMeTpa Ges pa3feHTeIbHLIX 
OKOMIeK H M3 yueHve NaaeT HENOCPeACTBeHHO Ha (POTOKAaTOA) B KauecTBe MpHeM- 
HHKa, pH BCexX NpownxX MpeuMyllecTBax PoToOsekTpHyecKol perucTpalluH, UC- 
KJOUaeT MOTVIOULEHMe B OKHE HM [leaeT MPHeEMHUK OUeHb yJOOHHIM B pacoTe. 

OueBHHO, YTO K TaKOMY BTOPHYHO-SJIEKTPOHHOMY YMHOXKUTEMO, HapALy 
C OObIUHBIMH TpeOOBaHHAMH, KaK-TO: 6OJIbIIO KOS*PPUUMEHT YCHJIeHHA, MaJIbiit 
chou, Oombiuiaa stpekTHBHOCTS, OoMbWad TOKOBad ycToliuMBocTb, NoOaBmAeTcA 
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peOoBaHve Cobo ycTowuMBocTH MapaMeTPOB pH npeOnrBanHu Ha BOSLyxe. 
YOBETBOPHTh MepeuncJIeHHble TpeOOBaHHA MOTYT YMHOXUTeEIM C MMHO- 
aMH, H3PrOTOBJICHHBIMM H3 AKTHBHPOBaHHbIX KHCJIOPOJOM pH onpeseseHHOH 


uc. 2. SapucumMoctb Koaddbunnenta 
yCHeHH A BTOPH4HO-3JIEKTPOHHOTO 
\YMHOXKUTeIA U3 OepuIMeBOK OpoHsbl 
OT HallpAxKeHUA Ha JemuTene. Xpane- 
HWe B BOsflyxXe BuJlaxKHocTbIO 80%. 
a—O0 uac., 6—309 uac., e — 966 uac. 


A TemnepatType ClwlaBOB JIerKOM KOMMOHEHTHI 
00 (Mg, Be, Al) c taxenoh (Cu, Ni). 
a Onucanupie B paOote (*) yMHOXKuTetH 3 
civiapa Cu—Mg umewr Hesocratounyi ycroii- 
6 YMBOCTb K -IpeObIBaHHio Ha BOszYXe. 143 yan- 
j HbIX JIMTepaTyppl (°,°) MoxHO ObWIO ClenaTh 3a- 
4 KJIIOYeHHE O OONbIIOM ycroHuMBOCTH K mpeObIBa- 
10 
fy 0” 
F 10° i 
108 G 
« 
10° 
6 
107, es 200 400 600 600-1000 vac 
2200 2500 3000 3800 40006 ; 
Hanparkenue Ha Genumene Gpemarxpane sun 


Puc. 3. Usmenenue Koatbdunnenta ycusieHuA BTOPHUHO- 
9JIEKTPOHHOFO YMHOKUTeIA U3 GepHMHeBOH OPOH3bI 
IPH XpaHeHHH Ha BO3qyxe. a — XpaneHHe B BOsAyXe 
BulaxkHocTh1io 80%, 6 — xpaHeHHe B CyXOM BOSJyXe. 
HanpaxKenue Ha JenHTene IpH CHATHM KPHBbIX A, 6 
3600 B, 6@ — yMHoxuTeIb us Cu — Al — Mg no (#). 


XpaHenHe B BOSTyXxXe 


HHIO Ha BO3YX€ aKTMBHpOBaHHOM SepusmHeBolt Opoussl. IIpaBya, B yMHO*KUTe- 
AX, ONMCaHHBIX B (°), FocTUraca HeOOMbUIO KOSppulluent ycumenua~ 10’. 


Hamu ObIWIM H3FOTOBJICHbI BTOPHYHO-3JIeEKTPOHHbIe YMHOXHTEIN (c 9JIeKTpO- 


TaTHYUeCKOH (OKYCHPOBKOH) U3 OepHIMeBOH 
OpOH3EI, B KOTOPbIX COYeTAaJICA BLICOKHM KOR(p- 
MILMeHT YCHJICHHA C XOpolleH yCTOMUHBO- 
CTbIO K MpeOblBaHHi0 Ha BO3/yXxe. 
_ OUuMULeHHEIe Hark JasHol 6yMaroli U M30rHy- 
TbIe 110 WaOJIOHY SMHTePbINOMeMlaHCb BIeub, 
HaXxOJAMLyIOCA B MeTaJIJIM4eCKOH BakKYYMHOHM 
cucteme. Ilocme focruxKeHHa B CHCTeMe Ba- 
KyyMa 1-10°° mM pr. cr. sMuTeppr HarpeBa- 
auch jo 840°, nocse yero B cHcTremMy Hop- 
WHAMH HallycKaJICAd KUCOpOR NO WaBJIeHHA 
3—5-10°? mm prt. cr. AxKrTuBallua mpekpa- 
Mmalacb Ip norsomjenuy 0,03 mr KucOpoa 
Ha | cm noBepxHocTH 9MUTepoB. OcTaToUHbIii 
KMCOPO OTKAYMBaJICA M IMUTeEPbI OXAaXK- 
Jatucb B BakyyMe. IIpu yocruxennu 500° 
OCYILECTBIAJICA JONOJIHUTeIbHbIM HallyCK KH- 
ClOpoja Ip TOM Ke Japsenun. Ilocne oxmax- 
J@HHA SMUTeEPbI BLIHHMaJIMCb H3 CHCTeMbI | 4 
cOOupaJINCb Ha COMMCTHIX aTax (cM. puc. 1). 


% 


100 
80 oe 
06 
60 i 
54 
S 
20 
0 
40 80 120 160 200% 


Amnnumyoa UMNY/bCa 
YY Daud. bep 


Puc. 4. OrnocutembHoe pacmpee- 
JeHve aMMIMTy MMIMTyIbCoB OT BTO- 
PHUHO-3JIEKTPOHHOTO YMHOXUTeIA HS 
OepusIIMeBOH OpOH3bl C HHKeMeBbIM 
(boToKaToyom. a—jua C,, (44 A), 


6—yas8 Be,,,( 110A) 


Hosyuenubie TakKUM O6pa30M 


3JIEKT DOHHBIE 


yMuoxutenmw na 16 Kackagax (BKIIOYad POTOKATOAM HW KOJINeKTOP) MMeIOT 


Koappuuuext ycuenua 12-10 npu 3600 B Ha jemuTeme 


YMHOXKUTEIA 
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(cm. puc. 2). YcrouuBocTbh KosppuuMeHTa YCHJIEHHA MIpH MVIMTebHOM mpe6si} 
BaHHM B CYXOM BO3YXe H BO Bula2KHOM BO3fyxe (80% BilaxKHOCTH) XapakTepHis 
3yioT KpuBpe pvc. 3. Kpuspe a pasMYHbIX YMHOKHTeeH HMeIO}) 
He3HaUMTeIbHbIM = pas6poc, HO oOOmee MaseHve kosdpuuwenTa ycHJeHH'} 
3a 1000 wac. xpanenua He mpeppmuaer 3—5 pas. Don S—10 umn/Muniy 
IIpu pa6ote B Bakyyme 10 4+-10°° MM pr. CT. HM BbIXOAHOM TOKe KOJeKTOpa Jif 
10 wa Kosppuuuent yculeHua 3aMeTHO He MeHaeTcA 3a 1—2 yaca paOoTH)} 
Ilepuon, paOoTbl B mpHOope c exKeHeBHbIM HallyCKOM BO3yxa MCUHCIAeTCA | 
3—5 mMecales, nocie uero KostppuUHeHT yCHJIeHHA CHOBa MOXKeT ObiITb BOCCTA) 
HOBJeH MOBTOPHO akTuBallueli mpu 650° umm nporpeBom Jo 450°. 
Tloqo6uble YMHOXKUTeIM C HHKeeBbIM (OTOKATOJOM ObIJIH C yclexOM IIpHMEsf 
HeHbI JWI perucTpauuu u3siyyenua B OOacTH 10—2000 A. OpekTuBHOCTb BTOF 
PH4HO-3IEKTPOHHOTO YMHOXKUTEIA KaK IIPHeMHHKa M3 yYeHHA XapakTepu3yeTc | 
abpeKTHBHOCTbIO (OTOKaTOa, TaK KaK 9peKTHBHOCTb CHCTEMbI 3JIeEKTPOO | 
61u3ka K 100%. HenocpefcTBeHHBIX H3MepeHHH adieKTHBHOCTH MpoBeeHy 
He OblIO, HO HMelollHecH JaHHbIe MO KBAaHTOBOMY BbIXOLy B OONacTax 1—2 Zh 
wu 1400—400 A (7,8) nosBoma1oT MpeANOMOXKUTh, YTO apiPeKTHBHOCTb BTOPHUYHO} 
3JICKTPOHHOFO YMHOXKUTeMA B OOMACTH JJIMHHOBOJIMOBOTO PCHTTeHOBCKOTO H3Jyy 
YeHHA HM MaseKOrO yAbTpadvoseTOBOrO JOJI2KHa ObITb HE MeHee HeCKOJIbKH: 
mpoweHTos. [IpaBya, AIA paOoTel B pexKHMe C¥eTa HMIIYJIbCOB 3HAHHA ~KBaHTOBO 
BbIXOJa HeOCTaTOUHO; HeOOXOJHMO 3HaTb BePOATHOCTb BBbIPbIBAHHA OHOMM 
WIM He€CKOJIbKUX (POTOSJIEKTPOHOB Ha OMMH KBaHT. BewieqcTBHe JOBOJIbHO CHJIb} 
HOrO pasOpoca MMNYJIbCOB HalpxAxKeHUA OT YMHOXKUTeIA (puc. 4) nO BeHUMHe) 
HaM lWpefcTaBAeTca WemecooOpasHEIM CTPpOHTb MpHeMHYy!O CXeMy MO MeTO]% 
cueTa UMIYJIbCOB C HOPMMPYIOULMM 3JIEMeHTOM — TPHITepoM, MO3sHpyrouleil 
€MKOCTHIO, HOCJeLYIOULMM HHTerpHpOBaHHeM HW aBTOMATHYeCKOH 3allHcbIo Hé 
camonucen, Tuma SIITI-09. Ecau oTrHomienue BeIHYMHEI HavOoee BepOATHO 
MMIYJIbCa OT YMHOXMKUTeIA K NOpory cpaOaTHlIBaHHA CXeMbI paBHO 10, TO cxeMi 
CuMTaeT MpakTH4eCKH BCe HMNYJIbChI. EcsiH 39TO OTHOWeHHe yBeIMyHTb Jo 1004 
TO JWIA CTaOWIH3alMH HallpsAxKeHUA, MMTAaOUleroO 3ICKTPOHHbIM YMHOKUTEJb 
WocTaTouno ceppopesonancHoro cTaOusH3aTopa. Paspyiiaroujee BPeMA CXEME: 
C TpHrrepOM MOxeT ObiTb 6e3 Tpyfa WoBeszeHo Jo | pcek. HW Apu NpaBusIbHOM 
moqOope BXOJHOH Wem CxXeMa MOXeT CuMTaTb 6e3 upocueToB 50—100 Ture! 
umn/cek. HwxkHuli xe Mpesel 6e3 Tpya MoxeT OniITb NoBezeH Jo 10 umn/ceKy 
TakuM 06pa30M, BTOPH4HO-3JICKTPOHHbIi YMHOXHTeIb U3 OepHIHeBOP 
OpOH3bI C (POTOKATONOM H3 MVIaTHHBI, 30J1I0TA, HUKeA ABJIAeTCH MpWeMHUKOM' 
BeCbMa NOAXOAAMLMM JIA MCCeqOBaHHH B OOMACTH JHHHOBOMHOBOTO peHTre} 
HOBCKOrO H jlasleKOrO yJIbTpaduoweToBoro H3s1y4eHHA. q 
ABTOpbI CUHTAIOT CBOHM IIpHATHBIM JOJITOM BbIpasHTb OlarosapHocTb aKkays 
A. A. Jle6enepy 3a BHHMaHWe HM pyKOBOJcTBO paGorToii. 


Tloectynusto 
16 VII 1957 


HMTHPOBAHHAS JIMTEPATYPA U 


1H. W. B.S kinner, Phil. Trans. Roy. Soc., A. 239, Ne 801, 95 (1940). 2 J.L. Ro. 
gers, F.C.Chalk1lin, Proc. Phyl. Soc. London, B, 67, Ne 412, 348 (1954). 3 A. TI. JI y- 
Kupckuit, Aucceptauns, JIPY, 1955. *T. M. Jiucmuu, Paquorexuuka u 9meKTpo- 
HuKa, 1, Ne 9, 1271 (1956). %® J.S. Allen, Rev. Sci. Instr, 18, Ne 10, 739 (1947) 
SE. R.Piore,GG Harvey,E.M.Cyorgy, R.H. Kingston, Rev. Sci. Insta 
23, Ne 1, 8 (1952). * J.S. Allen, Rev. Sci. Instr., 12, Ne 10, 484 (1941). &§ W.C. Wak 
kes,N. Wainfan,G L. Weiss] er, J. Appl. Phys., 26, Ne 11, 1367 (1955). 


oknxage Akagemun nayx CCCP 
1958. Tom 118, Ne 2 


XHMHA 


H. HW. BAWIMJIOBA 


HCCJIEMOBAHME BUXPOMATA TAJWJIHA HW ETO MPHMEHEHHE 
B KOJIAYECTBEHHOM AHAJIM3E 
(ITpedcmaeaeno axademuxom H. H. Yepuaeeom 13 VIII 1957) 


JIutepaTypuble JaHuble 0 OUXpOMATe TAJIMA BECbMa OfpaHHYeHbI M OTHOCATCA 
OCHOBHOM K lpoiwiomy Bexy (1). 

| Eure B 1867 r. Kapcranben (°) BbicKa3aJI MHeHHe, 470 TpyAHO pacTBopuMpIe 
pOeMMHeHHA TaJIMa — erO MOHO- 1 OUXpOMaT — MOryT OBITb HCNOMb30BaHbI 
JIA KOMYeCTBEHHOTO ONpefeieHuaA STOTO Metaswia. JlelicrBuTenbHO, .yuIIMM 
(eTOOM BecOBOro ONpeeeHHA TaJIMA, MO MpH3HaHMIO pAa aBTopos (*8), 
HBIACTCA ONpemeseHHe ero B BAe MOHOXpomarta (°). 

Tau KOJIM4eCTBeEHHO B BUe OXXPOMaTa HHKeM He OMpegemauIca. Bosee 
oro, 3TO COeAMHeHHe cuNTaocb (!°) HeEMPHTOAHEIM JIA BecoBOro onpexelenusA 
pA IMA. OcaxkeHHe ero M3 pacTBOpa XJOPHOM KMCOTHI BCTPOro OrpaHHyeHHEIX 
FCIOBUAX UCMOJIbSOBaIOCb B aHau3e (1°) AHIMb aa OTAeNeHuA TI (I) oT 
‘1 (il) u Fe. Ogxaxo onpeze- 
jeHMe TaJlIMA B Buse 6uX poMa- 
fa TIpH OCaxKJeHHH ero 3 KHC- 
WbIX PaCTBOPOB MpefcTaBssAerT 
HCCOMHEHHbIM MHTepec, TaK Kak 
IpH 39TOM NpecTaBAeTCA BO3- 
MO2KHOCTb IIpOBOJUTb onpesee- 
(Me TaJlIMA MPH OJHOBpeMeH- 
OM OTJe@JIeHHM efO OT OCHOB- 
HBIX COMYTCTBYIOIWMX eMY 2VIe- g & 
MeHTOB. OTO IIpeHMyYLeCcTBO Me- pema, mun 
rola OcOOeHHO WeHHO JIA TaJ- ney ee < 
MMA — MeTaJJIa, OTHOCHIMeErO- Pyc, 1. Kpuepie narpepaHHaA OuxpoMata TaJIMA: a — 
mal OK rpylne pacceAHHbIX JJI€- HelmpombiToro, 6 — MpoMpiToro alleTOHOM (Takaa 2Ke 
MCHTOB. KpHBax — MpOMBbITOTO STHJIOBBIM CMupToM), 6e—=) IPOs 
IIpu HcCIelOBaHHu BOJHO- MBITOFO BOXOH H 3aTeM alleTOHOM 
OJIEBLIX CHCTeM, OOpa30BaHHbIx 
OHOXPOMATOM TaJIJIMA HM XPOMOBHIM aHIHMApHJOM, a TakxKe CyIb*paToM TaIHA 
POMOBBIM aHTHApuOM, HaMu ObIIO ycTaHOBJIeHO, B YaCTHOCTH, UTO OUXpoOMAT TalI- 
UA ABJIACTCHA MHKOHIPy2HTHO PpacTBOPHMBIM COCAMHEHHEM, MOJIHOCTbIO OCaxK]lato- 
MMC M3 PaCTBOPOB M3ObITKOM XpoMOBOFO aHrHpusa. OTO MocyxuIO TEO- 
MeTHYeCKOH OCHOBOH AA paspa6oTKM MeTOJa KOJMYeCTBEHHOTO OlipefeeHHA 
faulIMA B Bue OUXpomara. 

Jia Mcnomb30BaHua OUXpoOMaTa TaJJIMA B BeCOBOM aHaJIH3e€ B KayeCTBe 
33BELUHBaeMOrO COeMHeEHHA HeOOXOMMO OblIO HaHTH YCJIOBHA KOJIMYeCTBEH- 
iOrO OTJeIeHHA eFO OT MaTOUHOrO pacTBOpa IPH COxXpaHeHHH COCTAaBa. 

Baio ycTaHOBJeHO, TO GOuXpOMaT TAJIMA HepacTBOpHM, BY‘ YacTHOCTH, 
3 alleroHe H 3THJIOBOM Cllupte. 

Tia uccsleqoBaHud OUXpoMata TaJIJIMA NOCIe NPOMbIBAaHHA erO HasBaHHbIMU 
JACTBOPHTEIAMH PHMeHsIcH, B YaCTHOCTH, (pa30BbIli jucpcdep eHILHaJIbHO- 
epmuueckuii anamu3. Tlomyyennpie Ha mupometpe KypHakopa KpuBble Harpe- 
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BaHHA pescTaBsienbi Ha puc. 1. Tleppnre 4Be u3 Hux (puc. | a,’ 6), OTHOCAUMeCH 
COOTBETCTBEHHO K OHXPOMAaTY TAaJIJIHA, XOPOWO OTeeHHOMY OT MaTOUHOTY 
pacTBOpa C HOMOLIbIO (PHJIbTPOB, HM OUXPOMATY TaJIJIHA, MPOMBITOMY alleTOHOY 
(UJIM STHJIOBBIM CNHPTOM), aHaJIOrMuHbl. OHM XapakTepH3yloTCA JBYMA SHAG 
TepMuyecKuMu acbcbekTamu. Bu3syasbuble HaOJIOJeHHA STUX SGPeKTOB NOKAasé 
JIM, 4TO MepBbIli H3 HHUX OTBeYaeT NOABJIEHHIO XKHAKOM asbl, BTOPOH COOTBE% 
CTBYeT IOJHOMY [MlaBsIeHHIO cou. TemlepaTypbl TeMJIOBbIxX 3=pdeKTOB TePMG 
rpaMM He€CKOJIbKO pa3vIM¥HbI. OHH, eCCTeCTBeHHO, HM2Ke Ha KPUBOM HarpeBaHHif 
HeEMPOMBITOrO OUXPOMATA TaJIJIHA, KOTOPbIM COMepXKUT, CEIOBATEJbHO , HEKOTOPC 
KOJIMYECTBO CyxOroO OCTaTKa MAaTOUHOTO pacTBopa. 

Vinentuunpili XapakTep 9THX TepMOrpaMM CBU eTeLCTBYeT O TOM, YTO OUXPG 
MaT TaJWJIMA He MeHAeT CBOerO COCTaBa IIpH NpOMbIBaHHM eFoO alleTOHOM UJI 
3THJIOBbIM CIIMPTOM. 

KpuBaa HarpepaHuaA OUXpOMaTa TAJIMA, MPOMbITOTO BOJOK MU JIMIIb 3aTey 
alleroHom (pvc. 1 6), xapaKTepH3yeTcaA HeOOJIbIIHM JONOJIHHTeEJIbHBIM SHACE 
TePMHYeCKUM 3¢ppeKTOM, KOTOPbIH MpoxXOAHT B TBePJOM COCTOAHHH 
OTBeuaeT TOJMMOPHOMY MpeBpalleHuy 
MOHOXPOMaTa TaJIJIHMA, PUKCHPYrOUerG 
cA TepMorpaduyecKkH pH HarpeBaHHlh 
Hanuune 9Toro 9sddekTra cBHereuJtp 


ealO se rietleat 
Onpefenenne TaiIuA B BHe OuxpomMaTa 


BO a oon eto = cTByeT O pa3JlOxKeHHH  OUXpOMel 

4 r Ha 100 ma 
XE Hatineno* | Ta. TaJWIWA W, CJleOBaTebHO, OJ} 
a behest! . badd he TBepK Lael HHKOHTPy2HTHBIM xXapakTeh 
ah aig bela a & ero _pacTBopeHus. \ 
XapakTepHo, 4TO pasmoxwkenne Or} 
XpOMaTa TaJIJIHA NOX BO3LelcTBHeM BCI 
1 |0,1000} 0,25 | — | 0,0998 | —0,2 jE Ha MOHOXPOMAT HM XpOMOBbIM aHrH] 
20,1000) 0,75 | 4 0,0998 | —0,2 pun npoxonuT oueHb MeqieHHO. 3t} 
oe |OeLO0OO, Foci ehO 0,0992 | —0,8 Be i 
3** 10,4000] 0,75 | 10 0,0999 ed MpeACTaBIAeT CaMOCTOATEJIBHbIA HTS 
4 10,1000) 4,5 — | 0,0999 |—0,1 pec H OObaCHMeTCA, BePpOATHO, TEN 
oe hori me ie ee Fhe 4TO WH OM- H MOHOXpOMAaT TaJIJIHA SAE} 
6 |o71000] 2725 | 18 o’o98g | 172 THOTCA TpyAHO pacTBOpHMbIMH Coeny} 
6** 10,1000] 2,25 | 18 0,0997 | —0,3 HeHHAMH. : 
7 |0,1000} 8,0 = | 00998. 154-072 Jina HaxoxKJeHuA YCIOBMA KONUM 
CTBEHHOFO ONpeeIeHHA TaslJIHA B BY| 


je OMXPpOMaTa MbI NpOBOAMIIN cucTeMé! 
geass a he SHANCHHA M3 HECKONBKHX -ryueCcKOe HCCeIOBaHHe MO OcaxXeHHl} 
** Ocanok Ouxpomata Tansua Bbigepwu- CFO H3 HEHTPaJIbHbIX HW KUCJIbIX (cepHe 
BaJICH C MATOUHbIM pacTBOpoM, OObeM KOTO- KUHCJIBIX H A30THOKHCJIBIX) pacTBOpc 


poro He MpeBbllladl 100 ma, B TeyeHHe XPOMOBbIM aHTHApHJOM, a Tak2Ke 6: 
2—4 ac. MpH oxJaxKyeHun Jo 1—3°. B oc- 


TaJIbHbIX OnpeAenenHax —18—20 uac. mpu APOMGTONE Bary Ae ane 
KOMHaTHOH Temmepatype. =; PesyIbTaTbI NO ONpeleneHuio Tal 
Pa JIMA B BHe Ouxpomata, HEKOTOPBIe Ff 
KOTOPBIX IIPeCTCTaBJICHb! B TaOu. Ls AOKa3bIBa}OT BOSMOXKHOCTb KOJINYECTBEHHOI 
ONpeXeeCHuA TaJJIMA STHM MeTOJOM HM TEM CaMbIM ONpOBepraroT UMeMWMmHecA 
auTepaType (1°) MpoTHBONOIOKHbIe YTBeEpKeHUs. 

Tlonyuennbie pesybTaTH! NOSBOMMIM HaliTH 3aBHCHMOCTb cpelHeli OMHOK 
B ONpPeMeJICHHH TaWIMA Tp OCa%KMeHHM erO H3 CEPHOKHCALIX PaCTBOPOB XpoMi 
BhIM aHrHAPUAOM OT Pa3JIMYHOTO COOTHOIMICHHA STHX KOMIIOHECHTOB B pacTBop' 
Ta 3aBUCHMOCTb AaJla BO3MO2KHOCTb ONPeMeUTb WpeeIbHO JONYCTHMbIe JV 
KOJIMUCCTBCHHOTO OCaAMMCHHA TaJlIuA KOHUECHTpauHu Ha3BaHHbIx KOMMOHEHTC 
HM YCTaHOBHTb OMTHMaJIbHbIe YCOBHA ONpesenenua Tasnus. 

CpaBHeHue pesy/IbTAaTOB aHaJIM30B, NpOBeeHHBIX IPM OXaKMeHU pacTBopa 
OCaKOM OMX pOMAaTa TAJIMA HM IPH KOMHAaTHOH TemMNeparype, NoKasbBaert (Taba. 1 
4TO B N€pBOM CJlydae KOJINYECTBeEHHbIe Pe3YJIbTAaThI OupeleyieHuA Nol yuarore 
HM B TeX CJy4aAX, B KOTOPBIX O€3 OXaxKJCHHA OHH HE HMeIOT MECTA. | 

Onpejenenue TaIJIMVAH B Bue Ouxpomata NOSBOJIACT IWMPOKO BapbupoBa’ 
KaK KOHIeCHTpallHlo KHCJIOTbI B PpacTBOpe, TaK U KOHIECHTPallnto OCa*K aloe} 
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xpomata. [lonyyenubili SKcNepHMeHTaIbUHbILt MaTepHaJl JaeT BO3MOXKHOCTH JA 
{KaxKNOTO YaCTHOYO CILyUaA ONpeeATb HEOOXO JMMYIO JWIA KOJIMUCCTBEHHOrO OCaxK- 
CHUA TaJJIMA KOHUEHTPallM10 XPOMOBOTO aHrHpua B 3aBHCHMOCTH OT KOH- 
{WeHTpalMH KUCJIOTLI B pacTBope. 

B o6mjem cayuae Werecoo6pasHo ocaxkaTb Tawiuii B Buse OuxpoMatTa AA 
ePO KOJIMUCCTBEHHOTO ONMpeeyIeHHA H3 pacTBOpOB, coxepxamux Jo 10 r H,SO, 
(amu HNO;) 8B 100 ma pacrsopa, xpoMoBbIM aHrHpujom (HM OUxXpOMaTOM HaT- 
|PHA), KOHMeHTPallua KOTOPOrO COCTaBJIAeT B cpeqHem 1rB100 mia xa~KON ca3bt. 

IIpu ocaxyeHHH TanuaA OuxpoMaTOM KaJIMA HIM aMMOHHA pesyubTaTEl 
ONPeNeCHHA TaIMA NOJLYYalOTCA 3aBbIINeCHHbIe MH TOJIbKO B HEKOTOPbIX CyuUaAx 
YHOBJIETBOPHTeJIbHEIE. 

Onpeyenenue Talmua B Bue OuxpomaTa, KaK HaM YyflaslOCcb YCTaHOBUTb, 
MOXKET IIPOBOJUTbCA HE TOJIbKO BECOBLIM MeTOJOM, HO H KOCBeHHbIM OObEMHbIM 
MeTOJOM MO KOJIMYeCTBY NpopearMpoBaBwero ocamuTels. 

B KayecTBe OAHOTO H3 BapHaHTOB MeTOa MOXKET ObITh H paluOMeTpuyecKoe 
ompefeeHHe TaWIMA B BHe OuxpoMaTa C HCHOMb3OBaHHeM PpalMOakTHBHOTO 
wu3oTona T1?°, 


Ta6Omuua 2 


Onpeyenenue Ta.1JIHA B BHe Ouxpomata B IIpHCyTCTBHH Apyrux 
MeTaJiJIOB 


NoNe B3aTo Hatiqeno ; 
mn. | TlSOq, r IIpucytcrByioT TI,SO,, r OOKka, mr 


CepHokucsape coun: 
Le O00 Me Zine Cd Ale he Cm): 
(Es) suey al i 


| Ni, Co m0 0,5 r 0,0999 —0,1 
| fips GanGexO ey 0, 1000 0,0 
Deke 0,1000 | AsorHoKkucapecoumn:| 0,0997 0), 
Ag, Bi, Hg (1) me 0,01 r} 0,41000 0,0: 
3*** | 0,1000 | A30THOKUCAHe Cco- 
JH: 
Pb, Bi no 0,02 r 0,0999 —0,1 
Ag, Hg(IJ) no 0,01 r 0,1002 +0,2 
Ba Oer 
Ales 0,1000 | Bce comm, yKa3anHBIe gun] 0,0997 —0,3 
NoNeo 1 u 2, B Tex xe ko-| 0,0999 —0,1 
JIMYeCTBAX 


* KommyuecTBO CepHOKHCJIbIX  cONeH ykKa3aHO 6e3 kKpHcTaJ- 
JIMBaUHOHHOH BOJIBI. 

** OcaxeHHe IpOBOAHOCb H3 CePHOKHCJIbIX PacTBOPOB. 
*** OcaKJeCHHe MpOBOJUJIOCb U3 a30THOKHCJIbIX PACTBOPOB. 


IIpeqaraemplii HOBLI MeTOA KOJIMYeCTBEHHOFO ONpeevieHHA TasJIMA uMeeT 
PA], MPeMMyLeCTB MO CpaBHeHHIO C H3BeCTHBIMHA MeTOJaMM ero onpesemeHus. 
OcHOBHBIM IIpeHMYLU[eCTBOM MeTOla, HapALY C APYIHMU, ABJIAeCTCA BO3MOXKHOCTb 
IpAMOrO OMpefeeHHA TasIMA Oe3 MpeABapUTebHOrO OTeeHHA OCHOBHBIX 
CONYTCTBYIOUIMX 3JIEMeEHTOB. OTA BOSMOXKHOCTh NOATBepAMaeTcA pesyJIbTaTaMu 
ONpeeICHHA TaJIMA B Bue OMXPpOMAaTa W3 KHCJIbIX PaCTBOPOB, COsepxKallAx 
Apyrue Metab. HexoTopbie W3 STHX WaHHbIX NpefcTaBJenbl B TaOs. 2. 

Tlosyuennpie pesysbTaTbl NOKa3bIBaIoT, YTO HeMOcpecTBeHHOe oNpesenenHue 
TaJlIMA B BHe OUXpOMaTa BO3MOXHO B IIPHCyTCTBHM MeTAJIJIOB, KOTOPbIe He 
\6pasyioT B YCJIOBHAX aHaJlM3a HepaCTBOPUMbIX coesMHeHHH (Tadn. 2, Ne 1), 
BHe 3aBHCHMOCTH OT HX KOHIeHTpalluH. Kpome MetasJI0B, yKa3aHHbIX B TaOJ. 
2, YAOBICTBOPUTEMbHbIe PE3YbTATHI ONPeACMCHHA TasWIMA MOyuarorcA Take 
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B mpucyrcrsuu TI (III), Fe (Il), Cr (III), Sb (III). Ecrecrsenuo, sro uncno 
TaKHX Me€TAJJIOB MOKeT ObITb 3HAYHTeIbHO YBeJIMUeHO. 

Onpezemenue TamJIHa B Bue OAXPOMAaTAa BO3MOXKHO TakXKe UH B IPHCyTCTBHH } 
H€3HAUHTeEIbHBIX KOJIMUeCTB MeTaJJIOB, OCa>%KMalouluxca XpomMaTamy (TaOu. 2,) 
NoNe 2, 3). Jus stow rpymnpl MeTaJIOB YCTaHOBJIeHbI MpeebHO ONYCTH-§ 
Mbie HX KOHIeHTpalluy. . 

Takum 06pa30M, 10Ka3aHO, TO KOJIM4YeCTBEHHOe OlpeeeHve TalIHA B BUTE! 
6UXPOMAaTAa ABJIAeCTCA OMHOBPeMeHHO MH MCTOJOM efO KOJIHMYECTBEHHOTO OTAeCMeHHAL 
OT CONYTCTBYIOULUX 3JICMCHTOB, TIPH4eM 3Ta CJIO*KHAA Balada pelllaeTCA NPOCTHIMH | 
WM jlerKO JOCTYNHBIMHM CpeCTBaMH. | 

OnpefejeHve TasuA B BUe OM“XpOMaTa MOXKET WIMPOKO MPHMeHATHCA MPH} 
aHaH3e pa3JIMUHbIX NMOJYMPOAYKTOB MPOMBILWICHHOTO MpOW3BOACTBa H BCeXi 
Ipyrux MaTepuvasoB, cofepxauiux TamMH. Bo3MOxKHOCTH Ke KOJIMYeCTBEHHOTO}| 
OTJeCHHA TasJIMA OT COMYTCTBYIOULMX 3JIEMEHTOB IIPH KOJIMYCCTBEHHOM Ocak e-f 
HMM ero B BUe OHXPpOMaTa, NOMHMO aHaJIMTHYeCKOTO IIPHMeHeHHA, HMEIOT 3Ha-f 
YHTeIbHO Oosee WIHpOKHe MepCMeKTMBbI HCNOJIb3OBaHHA. y 

Yuctutyt o6iiei H HeopraHHyeckKoH XHMHH Tlocrynuso 


um. H.C. KypHaxopa_~ - 31 VII 1957 
Axajlemuu Hayk CCCP 
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XHMH #1 
A. H. BAWWKMPOB u B. B. KAM30JIKUH 


CHHTE3 3TAHOJIA W3 ABYOKUWCH YIJIEPOJA HW BOXOPOA 


(I]pedcmabaeno axademuxom A. B. Tonuueesim 12 VII 1957) 


KarauIuTHueckoe BOCCTaHOBJIeHHe JBYOKHCH yruiepofa BOJOpoxOM Mmpu Hop- 
MaJIbHOM J\aBJICHHM OObIYHO IIPHBOMT K OOPa30BaHuiO yIvieBOLOPOLOB HU OKHCH 
yriepoya. B KayecTBe OCHOBHOrO IIpoxykTa Mp 3TOM OOpasyerca MeTAaH; BbIXOL 
| KAKUX yruieBoloposos coctaBsnet 20—40 rua | m? ras0Bol cmecu COz: He = 
mel: 3 (15), 

IIpopeyenve cuntesa u3 CO2 4 He mo AaBseHHeM Ha OKMCHBIX KaTasIM3aTOpax 
MIPHBOAUT K OOpa3s0BaHWIO TVlaBHbIM OOpa30M MmetaHoma (°*). Hapsamy c meta- 
HOJIOM, B 3A€BHCHMOCTH OT yCJIOBHH MpoBeleHuaA mpoulecca HM cocTaBa KaTaJiu3a- 
TOPOB, OOpasyeTCA HEKOTOPOe KOJIMUECTBO BbICLUMX CNHPTOB (2TaHON, MponaHou, 
OyTaHou u Ap.) (°,1°). Dro Jao HaM OCHOBaHHe NOCTaBUTb UCCIeOBaHHe, HMeIo- 
mlee WeJIbIO OCYWIeECTBUTb Ha- 
IpaBJIeHHbIN CHHTe3 STAHOJIAa U3 
COz u He. 1a atoro 6blI0 HC-, Bausnue Pa3MYHBIX (aKTOPOB Ha cocTaB NOJyYaeMBIX 
NbITAHO OOJIbUIOe KOJIMYeCTBO NpokyKTOB 


TadOauna 1 


PasMMUHBIX KaTav3aTOPOB u 5 m = 
M3yueHO BU UAHME Pas/IMUHbIX 2 | -|o.o | 28 | Es | @paxunounpii cocras 
S ay @ 3 og CHHUPTOB, Bec. % 
(akTopoB (flaBsleHHe, TemMme- eal Ot Seale Got || oa 3e 
patypa, cocTaB ucxoqHoro ra- = | g| $= | See eS¢ 
3a M Jp.) Ha mpolecc cuHTe3a. # || s¢ eh Sa” | ao 79° 172-89° |g9—94° 
CuuTes ocyllecTBIAICA Ha & E 68 | 5s | 8s 
yCTaHOBKe BBICOKOrO laBuJle- 2 
TES ould WA alee, real 335 {200} 300 i ey WO Oss | Aen) 1 4IG.9) 
HOH B HalllHx NPeCABIAYIUMX Pa- 359 1900) 300 | 1:3 '/416,6 | 16,9 | 74,6] 8,5 
6orax (11). IIpupa6ote B yen0- — 379 /200| 300 | 1:3 | 12,2 | 20,5 | 45,2 34,3 
BUAX PCMMPKYAMMM OTXOZA- 350 |200] 300 | 1:3 |16,6 | 16,9 | 74,6 | 8,5 
miMe Tasbl WUpKynaAUMOHHEIM 350 [250] 300 | 1:3 |12,5 | 46,6 | 36,2 | 17,2 
nate cha. 320.1800) 800" |) 23: | 188. 83,351 30,7116 ,0 
hat 350 1350; 300 | 1:3 14.7 | 59.8 | 25.6 |14.6 
Tes. CBpexu fas mojlapasica 350 |400/ 300 | 1:3 10,8 | 66,6 | 33,4] 0 
HenocpeCTBeHHO B_ peaKTOp. 350 |200] 300 | 4 :4,7/10,8 | 32,4 | 50,2 | 20,4 
‘ CHORE OnTTCn F250 SDOTmBOOM TA f-nG Demi te ocln 7. sGminees 
‘ pen y 350 |200} 300 | 1:20] 6,8 Omv@almOSe Zim 2akde 
KaTalu3aTopbl mosBepraucb 


BOCCTAHOBJICHHIO = BOJOPOJOM. 
Tlomyyaempie pH cCHHTe3e NpokyKTbl NosBepravcb aHvalu3sy. Boyupiit 


KOHJeHCaT U3 MPHeMHHKa, MpeAcTaBAIOlMMH COoOoM OecuBeTHy1O, ClerKka MYT- 
HY1O 2KHAKOCTb CO CuleaMH Macsa, NOABeprasicA :pakWHOHHOH pasrouKe Ha Ko- 
JIOHKE C BbICOKOM paseUTeIbHOM CrOCOOHOCTbIO Ha PpakUMH MeTHJIOBOrO, STH- 
JIOBOrO HM MponusOBoro cnMpToB. CnupTbl — OYTHJOBbIH MH BbICIMe — IIpHcyT- 
CTBOBaJIM B OUCH HeOOJIbUIMX KOMMYeCTBaX. OTXOALMe Pasbl MpolycKaJIHCcb 
yepe3 yrOJIbHbIi ancop6ep, B KOTOPOM MPONCXOYHO yJaBJIMBaHve yreBo,o- 
polos H JeTyYUX KUCMOpOAcosepK aujux mposyKTos. Ilocne JecOpOuHH MpOAyKTbl 


peakWHH aHaJIM3HPpOBaJIMCb. 
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Beli HCMbITaHbI pasJIMUHble OCaKMeHHbIe KaTaIM3aTOpPbi, MPHrOTOBJeHHble | 
Ha OCHOBe %Keyle3a, KOOabTa HW HUKeJIA, a TAK*Ke MMaBJICHHbIe KeNe3HbIe KaTa-4] 
jlm3aTopbl (THMa KaTalMsaTopa CHHTe3a aMMMaKa), IPOMOTHPOBaHHBle pasJH4- jf 
HBIMH oOaBKamu (KO, AlezOs, SiOz, MnO wu gp.). 

Han6onee scbcbeKTHBHbIMA OKa3aJIMCb LWeOUHbIe WOOaBKUH, BBOJMMbIe MpH 
wlaBJIeHHH KaTasIM3aTOpa WIM %Ke MyTeM ero MpPOMATKH BOJHbIM PaCTBOPOM 
menoueit. TlnapieHHble KesesHble KaTaMsaTopbl OOlajaiM Sombie craOusb-} 
HOCTbIO H CeJICKTHBHOCTHIO elicTBHA, YeM OCaxKeHHbIe. B Tabu. 1 npHBeze-'f 
HbI Pe3yJIbTaTbl HEKOTOPHIX OMBbITOB, MOKa3bIBalOllwe BJIHAHMe TeMlepaTypHl, 
WaBJleHHsl WW cocTaBa WCXORHOH ra30BOH CMeCH Ha COCTaB MOJyuaeMblx 
TIpOLYKTOB. qf 

Kouyeucat, noly4eHHbili mpu cuutese u3 COz u He Hal OHM U3 OOpasiloB ¥ 
MWIABJICHHBIX XKeIe3HbIX KaTaJIM3aTOPOB, Obl MOxBeprHyT Oomee nospoOuomy 
HccleOBaHHIO. 3a-BPeMA OMbITa MpOAOMKATEMbHOCTHIO Oowlee 2500 4ac. AKTHB- 
HOCTb KaTaJIM3aTOpa H COCTaB MOJy4alOulMXCA MPOMYKTOB COXpaHAJIMCh mpak- Ff 
THYeCCKH HEH3MCHHBIMH. 

Kouyeucat ume: d?? 0,9701, kucnoTHoe unciI0 9,2, supHoe uucs0 0, Kap- 


6oHHbHOe uuco 2,1. ' 
BpiseneHHad pasroHKol cnuptopad dpakuna (40 94°) Opa OOpaborana ef- | 
KMM KaJIM HW a30THOKHCJIbIM CepeOpoM HM Nocule BbICYWIMBaHHA Ha MeTaJMue- F 
CKHM KaJIbI[MeM pa30rHaHa Ha peKTH(HKaWMOHHOH KOJIOHKe BbICOKOH 9aipdeK- 
TMBHOCTH. 
PesysIbTaTbl pa3roHKH: 


( 


r % 
B3aTo 371,4 
Hayano KuneHua 62° 
Opaxuua 62,5—65,0 40,2 10,8 
65 ,0—77 ,0 ee Hees | 
77,0—79,0 279 ,6 71653 
79 ,0—96,5 6,3 ART. 
96 ,5—98 ,0 20,8 5,6 
OctaToK 13,4 3,6 
Ilorepu oe3 0,9 


Tonyyenuple (pakWHH MeTHJOBOLO, ITHJIOBOFO MW MPOMHJIOBOrO CMUPTOB ObLWIM 
pasOrHaHbl NOBTOPHO Cc OTOOPOM *PpakUHH, BbIKUMAIOlUX B Mpezemax 0,2—0,3°, 


Ta6Oauna 2 


PesyibTaTbI HCCIEAOBaHHA CUHPTOB 


Tuapo- T. na. cde- 


de Fe Kune, .G ny KCHJIEHOS HHlypeta- 
4HCIO Ha, °C 
Cnupt 
Halige-| 00 JIMT.| Halt- no Halife-|no mutT. |Hali- Halige-| mo 
HO Manu. | Jeno} sur. HO Many. |geno} BEI) wo | aur. 
ann. | “anu. 


Metauoag |0, 7947/0, 7942] 64,3 |64, 56/4 ,3286}1 ,32857|1733)1751| 47— | 47 
48* 
Qranon |0, 7899/0, 7893} 78, 2 |78,33}1,36125]1 ,36127/4215/1218] 51— | 52 
Oo 
#-IIpona-|0 ,8055|0, 8044] 97,5 |97 , 22/1 ,3848)1 38543] 926] 934150,3—]| 54 
HOJI Dison 


, 

IIpu onpeyxeenuu Temnepatypbl niaBeHHA NpoObl cmetieHus mowly- 
YeCHHBIX (PeHHJypeTaHOB MU *eHHMypeTaHOB COOTBETCTBYIONIUX CIHpTOB e- 
iipeccuu He HaOwrofasoch. 
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TBEYAIOMLMX COOTBETCTBEHHO MeTaHOJY, STAaHOJIyY HU mponanomy. PesysmbrTaTel 
cCJlelOBaHHA STHX CNHMPTOB NpHBeweHbI B Tabu. 2. 

IIpuBeqenubie pesybTaTbI MOKAaSbIBAaIOT, TO CIMPTHI, noJlyuaemble Ip KaTa- 
MTHYCCKOM BOCCTaHOBJICHHH JBYOKHCH yrviepofa, MpescTaBseHbI B OCHOBHOM 
THJIOBbIM CIIMpTOM. 

Hapsyzy co cnuptaMu Ob BBIJeIeHLI KUCOTH B KOMMUeCTBeEOKONO 1%, 
‘ywMTaA Ha KOHJleHcaT. Mccnenopanue Ta6aunua 3 
OKa3aJIO, YUTOOCHOBHAA MaCCa KHCJIOT PasronKxa ra3oBoro 6eH3HHa (B3ATO WIA pas- 
lOonee, 90%) mpeacTraBmeHa yKcycHoli rouKH 72,0 r) 
ucnoToH. Ja BbIkeeHHOM KMCOTHI 


= Burxoy 

mpefeleno colep»kaHue cepeOpa B ce- 5 BG ( 2 | 8. 

eOpxHow comm 64,7%, Wa yKcycHow ¢=° ‘ "D | 8S r % 
S Bot 

MCJIOTHI cuenyeT 64,64%. ail bid 


‘Tlanee Obi no_BepruyT uccseqoBa- | | 
MIO IIPpOLyKT, WecopOupoBaHHblii ¢ ak- 
ee niimicuaracnty 8.4); Ho 90 |0,6785/4 3810] 124,8) 38,34) 53,2 


)KuaKHH MpokyKT Zecop6uuu, KoTo- 12210,7407|1,3971| 80,8} 24,27) 29,5 
BIH YCJIOBHO OyJeM Ha3bIBaTbra3OBbIM need Be gee mR ic hue va Ae 
GexsuHom, ume di’ 0,7052, nf 1,39338,  ysq}” se ‘ cae 
momHoe uucno 103,9. Ananu3s ra3006- 200/0, 7662/1 ,4150| 55,9] 1,51] 2,4 
pasHoro mpoxyKTa jecop6uuu mpopo-  Ocra- 
* TOK H 
AWJICA MeTONOM HMSKOTeMMepatTypHoH itd Na = — | 2,661 3,7 
PpakWHOHUpoBKH (Tabs. 4). 

B xoje ucceqoBaHnit ObIIH UOJIyueHbI HEKOTOPbIe JaHHble 10 XHMU3MY KaTa- 
JMTM4eCKOrO BOCCTAHOBJICHHA ABYOKHCH yruiepoya Mok AaBseHvem. CyulecTBeH- 
HOH OCOOeHHOCTHIO JaHHOrO mpollecca ABIAeTCA ero cTaqulinocTb. Bsanmojseli- 


Ta6dauna 4 Ta6Omauua 9 
PesyibTaTbl HA3KOTeMMepaTy pHOr BausHue OObeMHOH CKOpOCcTH Ha CosepxKaHHe CNHPTOB 
pasronku B KOHJeHCaTe (Temmepatypa 330°, maBuenue 200 ar., 
; ucxOAHBIN ra3 CO, : Hs = 1: 3) 
Cogepxanne 
OvnupHyueckaa ee ee eee 
opmyia xuMu- B nmpoTouHot cucreme B ycnosusax pelupKynanun 
yecKorOo coejIH- == S| |e 
HeHHA 06.% Bec.% 
cofepiK2 Hue 
OObeMHaA CKO- CNUpTOB B |oGbeMHaA CKO- RSA aad 
ae ee as pocTb, s/m-uac es poctb, a/m-uac ie Oa % 
CoH), me 0,8 
CoHe¢ 24,3 19K0 300 ihe) 600 0) 3153 
CsH¢ 5,7 6,2 600 16,8 3 400 19,4 
C3H, 39,4 Cone : 
7 200 9,6 8 000 bie), 4 
u30-CyHg 0,4 0,2 
H-CyHg Wis: 2,6 30 400 2 20 800 16,6 
us0-C4Hi9 1,3 2,0 70 500 5,0 57 200 18 
H-CaHig 7,8) 44,7 145 000 32 409 000 6,4 
OctaToK Say pene 197 000 1,4 142 000 5,8 
400 100 


CTBHe JIBYOKHCH yrviepojla C BOMOPOLOM BHava/IbHO CTaqMM TIpHBOAMT K OOpa- 
30BaHMIO OKHCH yrulepoya B KOHIeHTPallMAX, He MPeBbIWalOULMX PaBHOBECHbIX 
KOHIeHTpallu peaKWHu BOAAHOFO asa. 

OGpasopaBliascnA OKUCh yruiepofa M ABMAAeTCA OCHOBHBIM MCTOYWHHKOM 06- 
pasoBaHua KUCOposcomepywkaulux coesMHeHHA HM yruleBoZoponos. Ilo Mepe 
YBeIMUeCHUA KOHICHTPalMH BOLAHEIX MapOB B peakUMOHHOM CMecH paBHOBeCc- 
Had KOHIeHTpallua OKUCH yrulepofa NaaeT M CHHTe3 MpaKkTHyeckH lpekKpa- 
ilaeTcd NO OCTHKeHMM KOHWeHTpauUU OKHCH yrulepofa OKONIO 2%. IIpu ocy- 
IeCTBICHUM CHHTe3a B MIpOTOUHOH cucTeMe TaKOe COcTOAHMe HacTynaeT pu 
cTeleHH MpeppallleHuA MCXOAHOTO rasa OKOJIO 50%. Tipu Bpicokux oObeMHBIX 
CKOPOCTAX, H C/IEOBATEbHO, MaJIOM BPCMeHH KOHTAKTHPOBaHHA, OCHOBHBIM IIPO- 
JYKTOM BOCCTaHOBJICHHA IBYOKUCH yrulepofa ABJIAeCTCA OKUCh yrulepona. Aas 
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YWJIIOCTpallu MPHBOLUM JaHHbIe 10 BMAHMIO OObeMHOM CKOpocTH Ha oOpal 
30BaHHe OKHCH yrulepoya (Temmepatypa 350°, AaBmenue 200 aT., HCXOJHBIM Tal) 
C@evthiaes= alice): 


O6bemHaA CKO- Ilona COz, npeppaTHBUIeroca B OKHCb 
pocTb s/m-4ac yruepofa, % OT BCTYNHBUerO B peak- 
uu CO, 
6 600 20,2 
8 200 3342 
17 200 40,0 
81 000 03,0 
148 000 65,0 
246000 94,5 


TlpuBeyeHHble JaHHbIe NOKaSbIBaIOT, UTO OCYMeCTBeHHe CHHTe3a U3 CO2 ‘f 
He B MpoTOuHO CucTeMe IPH BLICOKUX OObEMHbIX CKOPOCTAX CONpsAKeHO C OOpal 
30BaHHeM 3HAUHTeJIbHbIX KOJIMYeECTB OKUCH yrulepojla. . 

OcylecTBIeHve 3TOFO CHHTe3A B YCJIOBHAX PCHMPKYIAUMU OTXOAAMMX Tasos 
MOSBOIAeT ake Mp OObeMHBIX CKOpocTax WO 20 000 «a/m-4ac BSHAYMTEbHO! 
CTeNeHH MOMaBHTb peaKIlMio OOpa30BaHHA OKHCH yruiepofa. B Tabu. 5 mpHi 
BEJICHbI HEKOTOPbIe MaHHble COCTaBa MPOAYKTOB, NOsyualoulMxcA MpH ocyuler 
CTBJICHHH CHHTe3a U3 CO2u H2eB NpoTOUHOH CHCTeMe HM B YCJIOBHAX pellupkyJA 
MH OTXOMAMIMX Tasos. 

IlpopemeHHoe uccieqOBaHve NO3BOJIMJIO COCTaBHTb MIPpHMepHbIM MaTepH 
aJIbHbIM OawlaHC OCHOBHbIX MpORYKTOB CHHTEe3Aa. . 

Boixog Ha | mM? ucnomb30BaHHoro rasa (COz: H2= 1: 3) cocrapaan (B rpamy 
Max): 


CnupToB 92  Oxucu yrnepona 31 
YrseBoOpoxoB 81 Ilpouux kucOpozcozepxa- 
Bop 345 IHX Coe HHeHHH 40 


SacsTyKNBaeT YNOMHHAHHA (akT YBeJIMYeHHA BbIXOJa KHCNOT (B OCHOBHO 
yKCyCHOH) MO Mepe YMeHbINeHHA BpeMeHH KOHTAKTHPOBaHHA. M3mMeHeHue OObeMy 
How cKopoctu oT 6000 fo 25000 a1/n-4ac yMeHbUINIO COOTHOMMeHHe CNUpTbI/KHC] 
JIOTbI Ooslee vem B 20 pas. STO OOCTOATEIbCTBO MOXKET PaCCMaTPHBATbCA KaK OBO) 
B MOIb3Y MpescTaBJIeHHH O TOM, YTO OCHOBHOH KOHEYHbIN MPOLYKT — STHJIOBbIL 
CNHpT — OOpa3yeTcA BOCCTAHOBJIGHHeEM YKCYCHOH KUCJIOTHI. 

B pesysbTaTe MpOBeAeHHbIX HCCIELOBaHHH Obi HaliJeHbl KaTaJH3aTOpHl I 
yCJIOBUA CHHTe3a, OOeCNeyHBalollMe MOJyueHHe STHOBOrO CHupTa C BBbICO 
KMM BbIXOJoM (oKovIO 90 r Ha | M® Hcnomb30BaHHOrO rasa COz: He = 1: 3). Ham. 
yume pesyibTaTbl ObWIM JOCTHTHYTHI MpH OCyIMeCTBMeHHH aHHOr< 
mpowecca B YCIOBHAX PpellMpKyJIAUMH rasa pH OObeEMHOM CKOpOCTI 
10 000—20 000 n/n-4ac, Temnepatype 325—350° u maBnenun 200 ar. 

PaspaOoTaHHbld HOBbIM CHHTe3 STUJIOBOrO CNUpTa M3 ABYOKNCH yruepona 1 
BOMOpONa MpeAcTaBAeT 3HAYHTeJIbHbIM MHTepec H ABJAAeTCA WaroM BMepex 1 
Pa3BUTHH NOKa elle MaJIOUMCICHHbIX MeTOJOB MepepaOoTKH ABYOKUCH yrulepoi 
B IeHHbIe XHMMYeCKHe IIPOYKTHl. 


Wuctutyt Heru Toctynuso 
Axaflemuyu HayK CCCP 12 VII 1957 


LHMTHPOBAHHAS JIMTEPATYPA 


1 P.Sobatier, J.Senderens,C.R., 184,514, 689 (1902). %J.Dew, R. White 
C.Sliepcevich, Ind. and Eng. Chem., 47, 140(1955). %H.Kiister, Brennstof 
Chem., 17, 203, 221 (1936). 4 W. Russel, G. Moller, J. Am. Chem. Soc., 72, 244 
1950). ° R. Stowe, W. Russel, J. Am. Chem. Soc., 76, 319 (1954). °H. Tropsch 
Brennstoff Chem., 9, 1 (1928). 7 Sh. Kudo, J. Am.Chem. Soc., Japan, Ind. Chem 
Sect., 55, 287 (1952). °5B. H. Hoaros, M. H. Kapnuuckua ii, Xumua TBep 
Horo Tonsupa, 4, 69 (1933). ® E.M. Bouaposa, Bb. H. Joaros, K.U. Kau- Ko 
rau, lO. H. Iletposa, Xumus teepgzoro ronamea, 8, 1107 (1937). 2° Anonck. nat 
Ne 154318, 21 XII 1942; Ne 162927, 15 II] 1944; Chem. Abstr., 41, 5142 (1947); 44, 152 
(1950), 44A.H. BamKupos, lO. B Karau,C.M. Jloxtes, HI. Moposort 
Tp. Vucr. nepra AH CCCP, 10, 153 (1957). 
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Tonnage Akayemun nayx CCCP 
1958. Tom 118, Ne 2 
| 


XHMH fl 
Axayemuk A. H. HECMESHOB u M. HW. PhIBAHCKAS 


iP AMOM CHHTE3 4-3AMELJEHHbIX COJIEM- 
1-A3AJ/EPMPOXHHOJIMNSHHUA 


HelaBHo HaMu Ob OMyYOMMKOBaH MeTO,, cuHTe3a come 4-amKuu-1l-a3aqe- 
THApOXHHOIM3HHMA (1), OCHOBaHHbIM Ha KOHJeHCalMH o-aMHHONMpHAuHa C 
alleTaliMu alluialleTaibyerufos (7) uw nocmemyroliel WHKIH3alHH NOJYYeHHBIX 


MpOAyYKTOB KOHeHCalMH NOCcpeACTBOM KOHUeHTpHpOBaHHbIxX KuHCOT (HBr, 
HCIO,) 


NH, N 
NN HC1O, hast N 
[ | + RCOCH.CH(OCH,, ——= {| 


ClO, 


Sie .R = Alk: Ro = OGH,—, OC,H;—3.4 = Bry Glom 
B faHHok paOoTe MBI 3HaYHTeIbHO YIIPOCTHJIM MeTOL, NOKa3aB, YTO 9TH Ke 


coe(MHeHHA OOpasyIoTCA MpH HeNmocpescTBeHHOM KOHJleHCalinu $-XJIOPBHHMII- 
KeTOHOB C a-aMMHOMHpHANHOM No AelictBuem 70% XJOpHO KNCJIOTHI. 


NH N=CHCH,COR b 
ey Ao Hx 7 \ 

| +(R:O),CHCH,COR ——> || part, | 
Va va VAY 


rye R= CH,—, CsH,, C,Hs. 
Jlerko nowyuatoulvecs H3 B-XJIOPBHHHKETOHOB alleTaM allMaleTaiber“floB 
(2) BCTyMaloT B 9TOT THI peaKUMH 3aMbIKaHHA B TeTepOWNKI C TEM Ke pesysbTa- 


TOM: 
NH, 
\X z YN /N 
| Ys +cCiCH=CHCcor Clr, 
J WW 


GlORIER 


rae R =—CH,—, CsH,—, C,H;—. 
3701 BApHaHT Me€TOJa MOXET UMETb CAMOCTOATEIbHOE 3HAYEHHE BCIEACTBME TOTO, 
YTO MepBbI TOMOOr pxAfa alleraneH allMsalleTaiberufloB — alleTab alleTo- 
alleTasIblerua — cTasI B MocjeqHee BpeMA TEXHHYeECKMM TIPOAyYKTOM HU JIerKo 
nowlyuaeTca u3 [MalleTuieHa, a CHHTeSbI Ha eo OCHOBe NpHoOpesH MpakTHye- 
cKy1o WeHHOcTb (°,*). 

PaspaOoTaHHbit MeTOA CHHTe3a JaJI BO3MOXKHOCTh Tak%Ke NOYYNTb M Mep- 
xjlopaT 4-cennui-l-asayqerupoxuHOJIM3HHHA. 

Crpoenve MouyueHHbIx cove ObIIO MOKa3saHO B MpefbIAyuemM cooOmeHHu 
(1). Bosmoxkubie 2-3aMenleHHbIe H30MepbI, OOpasoBaHHe KOTOPbIX MO2KHO OBI Obt 
IpeMNOOKUTb, B OOOMX cMyyaAX HalfleHbI He ObIJIH. 
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IKeMePpUMEeHTANAbHAA YACTS 


1. Tlepxaopat 4-mMeTua-l-asakeruAPpOxHHOAHS HY 
nus (1). a) K cmecu 2 ra-amuHonupHauua UH 2 © MeTHJI-B-xJIOPBHHUJIKeTOHalt 
B 5 Mi aOc. MeTHOBOro CruptTa Jo6aBmeno 4 Mi 70% XnopHOr KucnoTHI. Ha6vt0-j} 
lal0Cb CHbHOe pa30rpeBanve peakuUMoHHOH MaccbI. Uepes cyTKH BbIMaBIUAH|} 
OcaloK OTHJIbTpOBaH, HM H3 MaTOYHHKA S*HPOM BbICaKeHO ONOJIHHTEJIbHO ls 
HeOO/IbIuoe KONMYeCTBO couM. Barxoa nepxsopata 4-meruu-1-asaqeruqpoxuvHo-§ 
nu3unua 3,9 r (75% TeopHu), T. pas. 224—226° (m3 MeTaHOwa). | 

6) IlonyyeH aHanorm4Ho H3 3 Tr AMMeTHOBO“O alleTasaA alleTOalleTasbjern ya, 
2 r w-aMunonupuguna Mu 3,5 Ma 70% xXOpHOH KHCJIOTHI BS MJ aOc. MeTHIOBOTO® 
cnupta. Berxog 3,65 r (72% Teopun), T. pasa. 223—226°. CmeuianHaa mpo6a 
C 3aBeJOMbIM OOpa3ll0oM H OOpa3lloM, MOJIyYeHHbIM NO BapHaHTy a), Aenpeccuuye 
TemiepaTypbl lviaBeHHA He aer. i 

2.MepxaopaTt 4nponua-l-azsaqzerugapoxnvHHonUu3su-f 
Hua (4).a) Tlomyyen ananornuno u3 1,5 r nponusi-B-xnopBuHusketona, | ri 
o-aMMHONMpHaMHa U2 ma 70% XaOpHO KuCOTH B 2,5 Mi aOc. MeTHJIOBOrO © 
cnupta. EcuM coJib JOJro He BbIMaqaeT, OHA JOJIKHA ObITh BbICAKeHA U3 pac-f 
TBOpa a6c. aupom. Bprxog 2,5 r (82% Teopun), T. m1. 143—145°c pasnomennemit 
(MepeKpucTamH30BaH M3 a6c. MeTHJOBOrO CIMpTa). 

6) Ilonyyen anyanoruuno u3 1,8 r JumMeTHOBOorO alleTaa NponMoalleTasb- fh 
neruga, 1 r «-amunonupuguna u 1,7 Ma 70% XOpHOH KMCJOTHI B 2,5 MJ MeTH- | 
jlosoro cuupta. Burxog 1,75 r (60,3% Teopun), T. nt. 144—145°c pa3moxKennem. | 
CmeliaHHas mpo6a c 3aBeJOMbIM OOpasioM H OOpa3llOM, NOJIyYeHHBIM NO BapHaHTy fi 
a), Mempeccuu TeMMepaTypbl MWlaBJIeHHA He Maer. Z| a | 

3. Tlepxamopat 4-meunua-l-asaqherudpoxuuonu3un- 
nua. a)Tlonyuen us 1,77 rcbenua-8-xn0ppunuakertona, 1 r «-amMHonupHauna’ 
u 2 ma 70% xaOpHow KUCAOTH B 3 Ma~ aOc. MeTHMOBOrO cnupTa. Ecam ocanoK, 
Mouro He BbINaaeT, OH WOJKeH ObITb BbICa%KeH S:PHpOM. OcaoK NpecTaBisaery 
coOoH cMecb Mepxsopata 4-cbenuu-l-asaqernipoxXMHOH3HHUA  TpHOeH3ONI-} 
Oensoula. Tlepxmopar 4-cbenuui-l-asaqernqpoxXvHOJIM3HHUA OTAeIeH OT TpuOeH- 
30HOeH30JIa PPAaKUHOHHPOBaHHOH KPHCTaM3alveH M3 MeTHOBOTO cMMpTa.' 
Bpixoy Mepxopata 4-enus-l-asaqeruapoxnnomusunHs 0,35 r (10,8% Teopun). 


T. pasa. 188—189°. Becuperuple venlyiivarbe KpHCTaJJIbI, MIOXO pacTBOpHMBIe 
B BOJe. 


Hatineno %: C 54,82; 55,02; H 3,67; 3,64; Cl 11,58; 12,00 
Cy4HyO.N2Cl. Buraucseno %: C 54,81; lal eee Cleieas 


? ? 


6) Tlomyyen u3 2 r AuMeTumoBoro alieTaa Oen30usallerambyeruya, | r 
a%-aMHHONMpHANHa H 1,7 Ma 70% XsaopHOol KucJoTH! B 2,5 Mi a6c. MeTHsIOBOTO 
cnupta. Berxog 0,45 r (12,7% Teopuu). T. pasa. 187—188°. CmMemannasa mpo6a 
€ OOpasiloM, NOJYYeHHBIM MO BapHaHTy a), Jenpeccuu TemMepaTypbl NaBeHHA + 
He jlaerT. 


Iloctynusao 

18 IX 1957 

IMTHPOBAHHAS JIUTEPATYPA | 
I 


1A. H. Hecmesuos, M. HW. PuwOuunckaag, H. K. Beascxudh, JAH, 113}: 
Ne 2, 343 (1957), # A.H.Hecmesauosn, H. K. Kouvetxkos, MW. PHo6OuHcC Kaa, 
Hise. AH CCCP, OXH, 1951, 305).1°3 Wo FrankerR! Kraft iW eben Bem 86, 
793 (1953). .4 W. Franke, R. Kraft) Angew: Chem.9:67,,.395 (1955). 
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Toknayqn Akayemuun nayr CCCP 
1958. Tom 118, Ne 2 


-XHMHA1 


M. HW. PO)KKOBA, H. B. FOCTYHCKASA u akagemux B. A. KASAHCKMK 


BOCCTAHOBJIEHHE MOHOOJIE®HHOBBIX YIJIEBOJOPOOB 
HATPHEM B )KHUJXKOM AMMHAKE B TIPHCYTCTBAN 
TPETHUHO-BYTHJIOBOTO CIUPTA 


BoccTaHOBJIeHHe H30JIMpOBaHHOH yruepoy-yriepoxHoH Bono cBA3H We- 
OUHBIMM MeTaJJIaMH B XUKOM aMMHake, Kak yrKe cooOulaocb pauee (2), 
1pOTeKaeT, MO0-BHAMMOMY, MO HOHHOH Cxeme: 


SSC Chl Sermo Cae Cox (a) 
> Ce — Ce [2H SCH CHS (6) 
26 + 2H+— H2 (B) 


JYMMapHaA CKOPOCTb peaKUWMH BOCCTAHOBJICHHA OMpeleAeTCA COOTHOLIeCHHEM 
“KOpOCTeH JIBYX KOHKYPHPYIOUIMX peakUHH: peakILHH MpHcoesMHeHHA BOROpONa 
< (BOHHOH CBA3H OJlecpuHa ((a) H (6)) H peakI{HH BbIAeeHHA CBOOOAHOrO BOROpONa 
B). CKOPOCTH 9THX peak, B CBOIO OYepedb, 3aBHCAT OT CTPOeHHA Osle*una, 
IpHpOAbI MeTasJia MH KHCJOTHOCTH MpoTOsMTHYeCKOrO areHTa. 

B npegpiqyureh paOote (1) Hamu OblvIo H3y4YeHO BJIMAHHE Ha CKOPOCTb BOC- 
STAHOBJICHHA MpupOb Metasma B pany Li, Na, K u kKucnoTHOcTH cnupTa Ha 
IPHMepe MeTHJOBOFO HW YTHJIOBOTO CIUpTOB. «-MOHOOJIeE*PHHOBbIe YIVIeBOAOpOLbI 
smocoOHbI BOCCTaHaBIMBaTbca Na, K u Li B 2xHAKOM aMMMaKe B IIPHCyTCTBHH 
MeETHJIOBOFO H ITHMOBOTO CNMPTOB, HO YIsIeBOJOpPOAb C yaJIeHHOH OT Kpax Lenn 
IBOHHOH CBA3bIO B 3THX YCJIOBHAX He BocCTaHaBMBaloTcA. I[lo-BuquMomy, 
lelHicTBHe JBYX 93JICEKTPOHOMOHOPHbIX AJIKHJIbHBIX TPpyNN Mp ABOHHON cBxA3H 
‘HJIbHO 3aTpYMHAeT OOpa3s0BaHHe KapOaHWoHa, To-eCTb CHHKaeT CKOPOCTb 
JeaklHH (a), GarowqapA YeMYy BO3pacTaeT OTHOCHTeIbHAA CKOPOCTb MOOouHOL 
AKU OOPa30BaHHA BOLOPOMa U3 WIEKTPOHOB H MpOTOHOB (peakIHA (B)). 

Ilostomy npejicTaBA10 HHTepec po- 


arom iuerame 
3eCTH BOCCTAHOBJICHHE MOHOOJIe:pHHOB 


> Pa3JIMUHBIM MOJIO%KeCHHEM ABOMHDIX CBA- ___Tipowent Boccrasopaenna 

‘i ; = YraeBogo- 
eli B IIPHCYTCTBUH Ooslee CaOOrO UCTOU i Ne ured NeMiNdite Neen 
1HKa IIpOTOHOB, YM MeTHJIOBLIN MJ +CH,OH | +CH.OH | ERC 
THJIOBbIM CNUPTbI, H TEM CAMbIM CHU3HTb ae 
“KOpOCTbh NOOouHOH peakWHH. B Kaye- 
‘TBE TaKOTO Gomee ca6oro mporoauta Hextex-! 43 49 72 
P a Texcer-4 40 42 60 
1aMH W30paH TPpeTHYHO-OYTHJIOBHIH = fpenrey-4 33 Af 42 
IMpT, KHCJIOTHOCTh KOTOpOrO, M0 JaH-  Oxrex-1 20 29 32 
ibiM Max-MBeua (°), B 10 pa3 MeHbUIe, Sait : 2 i 
ieM Jia 3THMOBOrO ciupTa. Meras0M- Tlenex- 


30CCTAHOBHTeEIEM CJ KU HaTpHit. 
30cCTaHOBJICHHIO MOfBeprasucb cuJie- 
[yIOMHe MOHOOJIe*PHHBI HOpMadbHOrO cTpoeHUA: MenTeH-1, rekceH-1, remren-1, oK- 
eH-1,HOHeH-1, etleH-1, MeHTeH-2, CMeCb rekceHa-2 HW rekceHa-3, relTeH-3, OK- 
eH-2. Bovbillad YaCTb U3YYCHHDIX %-MOHOOJICPHHOBBIX YIIEBOLOpOOB BOCCTaHaB- 
[MBaeTCH HaTPpHeM B %KHJKOM aMMHaKe B IIPHCyTCTBUH TpeTHUHO-OYTUJIOBOTO 
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cnupra OpicTpee, YEM B AHAJIOFMYHbIX YCJIOBHAX B IPWCYTCTBMH MeETHJOBOTO U 
3THJIOBOLO CMMPTOB, YTO BUHO W3 WaHHbIX Taos. 1. 

8- MW Y-MOHOOJIe*pHHbI B TaKMX 2%e YCJIOBMAX BOCCTAHaBJMBaIOTCA B OUCH 
He3HaYMTeIbHOM CTeMeHH, HO IPH HeKOTOPbIX H3MCHCHHAX MeTOAMKH peakIt 
BOCCTAHOBJICHHA IIpOTeKaeT Y2Ke C 3AMeETHOH CKOPOCTHIO: HeHTeH-2 BOCCTAaHABJIE] 
Baetca Ha 12%, cMecb rekceHoB Ha 11%, renteH-3 Ha 9%, oKTeH-2 Ha 5%H 

TakuM 06pa30M, YMeHbIINeHHe OTHOCHTebHOH CKOpOCTH O6pa30BaHHA CBCh 
6OAHOrO BOOPOa 3a CUeT IPUMeHeHHA Ooviee Ca6oro MpOTOMMTHMYeCKOrO areHT# 
MO3BOJIACT MPOBECTH BOCCTAHOBJeHHe ake TAKUX HHEPTHBIX K BOCCTAHOBJICHH 
B 3THX YCMOBHAX YrueBOMOpO0B Kak f- HM Y-MOHOOWeHHEI. 

XapakTepHo, YTO CKOPOCTH BOCCTaHOBIeHUA B- H Y-O/Ie*HHOB C pasJIMUHBL 
MOJICKYJIAPHbIM BeCOM MaJIO pa3JIMuaIOTCA MexKAYy coOoH, B OTJIM4Me OT a-ONED 
(PHHOB, JIA KOTOPbIX 3ABHCHMOCTb MeXKy CKOPOCTbIO BOCCTaHOBJICHHA MU MOM 
KYJIAPHBIM BeCOM JOBOJIbHO pe3kO BEIpaxena. Kpome Toro, peak&MaA BoccTés 
HOBJICHHA MIpoOTeKaeT MpHMepHO C OAMHAKOBbIMM CKOPOCTAMH JA B-oepHHO 
MW Y-oulePHHOB, T. €. MOJIORKeHHE JBOMHOH CBA3H BHYTpH WenouKkH OJleduna Mas 
CKa3bIBaeTCA Ha pPe3yJIbTATAX BOCCTAHOBJICHHA. 

Tlomyuenubie JaHHble CJly>KaT JlasbHellHM NOATBepxKJeHHeM HOHHOH cxeM 
BOCCTAHOBJICHHA H30JIMPOBaHHOH JBOHHOM CBA3H MeTaJJIaMH B 2KHAKOM aMMHaKke 


IKCHeEPHMECHTANbHAA YacThb 


Mertogbl cHHTe3a MOHOOMePHHOB OHcanbl KaM¥ pauee (1). [lenTen-2 (T. kur 


36,6—36,8°/760 mm, np 1,3810, d%° 0,6502) 6b npurotopmen sBoccTaHoBae 
HHeM IIMMepHieHa HaTpHeM B 2%XKHAKOM aMMHaKe B IpHCyTCTBHH MeTHJIOBOr 


cnupta, cMecb rekceHa-2 uv reKcenHa-3 (T. Kun. 67,5—68,0/760 mm, n> 1,3930 
d,° 0,6785) Obina nomyyena np KaTanMTMYeCKOM FruApHpoBaHHN Aunponenuat 
Hal Nasmadvem. KoucTanTbl &-MOHOOMePHHOB OTBeYalOT HaHOoslee ocToBep 
HbIM JIMTepaTYPHbIM JaHHbIM (°). KoncTanTp! B- H y-osle:—pHHOB COOTBETCTBYt10 | 
cCMeCH HX LHC- H TpaHc-H3oMepoB. Bpomuble 4csia BCeX HCCJIEyeMbIX MOHC 
OslePUHOB OJIM3KH K BbIUHCJICHHBIM TeOPeTHYECKH. 

CBohcTBa uccaweAyeMblIX MOHOOMeEMUHOB. Ilenten-I: tT. kun 
30,0°/760 mm, np 1,3718, dg? 0,6411; rekcen-l: v7. Kun. 63,2°/760 mm 
np 1,3876, d;° 0,6735; renten-1: T. kun. 93,7°/760 mm, np 1,3995, d2° 0,6965 
rente-3: T. Kum. 95,7—95,8°/760 mm, np 1,4048, di° 0,7002; oxten-1 

T. Kum. 121,3°/760 mm, nS 11,4099) 

TaOmuna 2 d200,7155; oxren-2: T. Kun. 124,7- 
TO Hacarenneg. mwas 000 0 
0,7215; Howen-1: T. kum. 146,6°/76 


& 
ios oF nD a f Cpaeey ae MM, ny 1,4158, dy 0,7292; newex-1 
35 H>C=CCH KS T. kun. 170,7°/760 mm, n° 1,4215 

ida} ro) 

: z d® 0.7410. 
BoccTaHoBsmeuHuH 
Ilenteu-4 |41,3615) 63,5 72 33 MOHOONeDHHOB “Roce 
Texcen-1 |4,3799| 76,0 60 30 : aS 
Tenten-t [41,3947] 9572. 49 4 HOBJICHHE &-MOHOOJIE*PHHOB HM UCCJIE 
Ot Noe ue 2 4 7OBaHHe MpOyKTOB peakUuu mMpo 
OHEH- c : BOJHWJIOCb Ha 

Teuen-1 [41,4208] 106 ,0 8 32 a ervae a enocoby oa 
CaHHOMy pauee (1). Ha 0,1 r-mon 


YreBOLOpOfa B peakWuto OblIO B3AT 
0,2 r-ar. watpua u 0,25 r-mom! 
TpeTHuHO-OyTHOBOrO cnupTa. Bpema npoBeyenua peakunn — 3 uaca. Pesymp 
TaTbI OMBITOB MpHBeyeHbl B Tab. 2, Kak BUAHO 3 9THX aHHbIX, B IpHcyT 
CTBHM TpeTHUHO-OYTHMOBOTO CIMpTa peaKUMsA BIeMeHHA CBOOOAHOTO BOLOpOR 
poTekaeT JOBOJIbHO MeJVJICeHHO — 3a BpeMA ONbITa BbIenmnetea 20—30% Bo 
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yopoya OT TEOPETHYVeECKOTO; CKOPOCTb BOCCTAHOBJICHHA &-MOHOOJIePHHOB 3aMeT- 


BIM OOpa30M MeHseTCH C H3MCHEHHEM MOIeKYApHOrO Beca ovebuna. 
BOccTaHoBNeHuHe 6- u 


Ta6mununa 3 
MOHOOMeEDMUHOB.  Boccta- 


OBIEHHe neHTeHa-2, cMeCH rekceHa-2 Fan Mon % 
( TekceHa-3, remTena-3 H OKTeHAa-2 — ypneposo- 5 etd af 
POBOMI0Cb B TeX Ke YCJIOBHAX, PO AD Wott) Ge hae oo 
1TO WH JWI a-MoHOomedpHHOB. M3me- Bg HZ, eae aS 
| euve OpOMHEIX 4MCe ObWIO Mp 2 - 
HTOM He3HAUHTeIbHbIM. B_ nocJe- 
yIoukuxX onbiTax Ha 0,08 r-Mona ee 1,8801) 201,5 12 40 
raleBofopoga Opvio B3ATO 0,32 r-ar. ae Soeennt 3914] 170.4 14 34 
arpua u 0,4 moma cnupta. Kon- Tenren-3 |1,4032|148/3 4 28 
eHTpalluA HaTPHA B XKATKOM aM- Oxten-2 /1,4133)135,7 5 25 
| 


Make COXpaHHJlacb mpexkuelt: 0,32 | 
-aT. HaTpHA pacTBopsucb B 200 MJ 2xHAKOrO aMMuaka. IlonyueHuple pe- 
YJIbTATbI TIPHBeJeHbI B TaGu. 3. 


MockosckHit rocyapcTBeHHBIlt yHMUBepCHTeT Ilocrynuto 
um. M. B. JlomoHocopa 17 VII 1957 
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Jloxnxangn AkayeMunm Hayk CcccP 
1958. Tom 118, Ne 2 


XHMH§&h 


Unen-Koppecnonyent AH CCCP A. Il. TEPEHTbEB u M. H. MPEOBPA)KEHCKASA 


HOBbIM METOJ| CHHTE3A HHOJIOB, 3AMEL[EHHbIX ‘| 
B BEH30JIbHOM SJIPE 


| 


B cBa3H C OTKPbITHeM CepOTOHNHa MU MOMCKaMH eF0 AHTHMETAOOJIHTOB NOABHJIOCT) 
OouIbIOe YHCIO HCCIETOBAaHHH B OONACTH HHIOJIOB, 3aMeLCHHbIX B OCH3O0JIbHONS: 
ape. OgqHako CHHTe3 TaKHX HHJOIOB BeCbMa CJI02%KeH. OGbIYHO NOIb3YyI0TCS| 
MeTOOM Pelicepta, HO Ip 9TOM IIpHXOJMTCA MpOebIBaTb MHOTOCTAaJHHHBIL, 
NYTb, HCXOMA W3 3ayacTyIO TPYAHOMOCTYMHBIX 3aMeCLLCHHbIX O-HHTPOTOJ1YOJIOB Mi 
MpHyeM TMOJIYYaeMbIe TMPOH3BOAHbIC o&-HHAOJIMIKapOOHOBbIX KHCJIOT eKap6o-} 
KCHJIMPYlOTCA OObINHO C HH3KHMH BbIXOJaMu. CuutTes no Duulepy 3aTpyAHeRs 
TeM, YTO MHOrHe *eHHJITHApasHHbl (HaNpuMep, N-MeTOKCHPeHUJITUApa3sHH HU Ap.)p 
H, OCOOCHHO, COOTBETCTBYIOUIMe (PeHWJITHApa30HbI OYeHb HeycTOHuNBpI. B m0-# 


OD OSs ae 


7H; 


; O 
SSO eee ee 
ON 0,N 
‘ N ON N S " 
| Iv tm lit 
CH, S 


78% ies 


fies | 
C,H;CONH H)N H.N 
Ne e, N N 
ba X Ae Vv 
i 
mm) CgH3(CO).N ae C,Hx(CO))N 


ds, VO ; 
i 


a-z 


cyleqHee BpeMA Ylaslocb BBeCTH B peakuuIo Mumlepa HUTPOdeHHJITHApa3s0Hbl 
K€TOHOB, OHaKO UMKIM3alNA B UHOJbI HUTPO*PeHHJITHAPa30HOB aJIb]e- 
rHJIOB UfeT c OombiuMM TpyOM. B ciyyuae m-HUTpodeHHJrulpasoHoB OOpa3syerca 
CmMeCb H30MepoB. CHHTe3 HHAOJIOB H3 3aMeILCHHBIX AHWJIMHOB HW %-OPOMKeTOHOB 
(mero Buuviepa) MpHBOAMT K HHOJIaM, COJlepKalllMM 3aMeCTHTeIH He TOJIbKO 
B OCH30JIbHOM Ape, HO TakxKe H B a- u B-NoOweHUH. JIA ToMomoroB HHAONAa 
¢ alMdaTHueCKHMH 3aMeCTHTEAMH STOT MeTO IIPHMCHHM JIMIUb B OrpaHhueH- 
HOM 4nCIe CyyaeB. CaM HHJOJ TAKUM IYTeM He MOXeT ObITb NOWyueH. 

B wactosmleh padote ipesaraercd HOBbIM MeTO CHHTe3a HHJOJIOB, 3aMelleH- 
HBIX B OeCH30JIbHOM Ape. Mugon (uM ero roMousior) BOCCTaHaBJIUBAaIOT C O6pa30- 
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BAHHEM MHONIHHA, MpelcTaBssAIolero CoOoli apoMaTHUeCKH AMHH, HM MyTeM OOBIY- 
HbIX Peak BBOAAT 3aMeCTHTEIH B OCH30bHOe APO. SameuleHHbIM HHIOIME 


a lil 


WlerMAPUPyroT HU NOMYaiOT COOTBETCTBYIOWLHH 3aMeLeHHHI HHO. Crekyer oTMe- 
MTb, YTO KaK JIA CHHTeE3A MPOM3SBOAHbIX CaMOrO MHJONa, Tak H MpOUSBOAHEIX 
ero N- nan $-roMomoroB, HCXOJHBIM BelLeCTBOM SABAeTCA CaM MHJOVI. 

Hamu Opin nomyuenbt 6-HuTpo-l-merumuuyon, 6-amuHo-l-meruiMHnOn 
ero OeH30HIbHOe HM (raMbHOe MpousBoHble (CM. cxemy Ha cTp. 94). 

Metuaupopanne uufoula M nomyyenve 1-meTuiMHZonuna I npoBosusoce 
ONMCaHHbIM B JIMTepaType MeToJoM (1,”). I no CBOHM CBOLCTBaM OUeHb 61K30K 
4K N,N-guMerus-o-royuguHy. B ycioBuax, aHaJiIOrMuHBIX TeM, B KaKHX 
PHUTpyeTcA JuMeTHTONyHAMH (°), I Obl MpoHHTpoBaH H Obi BbIJeneH 
} 6-nurpo-1-MeTuMH,ONMH II. Jlerugpuposanve I] mposogunocb npu Kumsaye- 
| HHH B KcHNONe C XOPaHHJIOM. (Hloqo6ubm o6pa3om JbxynusH u IIpuutu Je- 
\THapupopasu 1-merus-5-MeroKcunzoHH (*)). Barxog 6-nutpo-l-merumnugona III 
}coctapuiaeT 61%, cunTad Ha uno, u 72%, cunTaa Ha l-MeTHAMHON. 

Tipu oxucnennu III] xpomopoh kucsoTol Obi nowyueH HATPOMeTHIH3aTHE. 
IV, pesKo otuMuarouulica mo Temmepatype naBJIeHHA OT ONNCAaHHOrO B JIMTe- 
paType 6-HuTpo-l-meruusatuna (°). Takum o6pa30M, HuTporpynna B Nosy- 
4€HHOM HHTpOMHAOe He SaHuMaeT MOIOwKeHve 5. AHaNOrH4HO HUTPOBaHHtO: 
N, N-gumeruu-o-rouyuquna 4 TeTparuyzpoxunosnua (°) Mbl CuHTaeM, YTO CHH- 
TeSHPOBaHHbId HAMM UHAOJ sABMAeTcA 6-HUuTpoO-l-MeTHIHHZONOM. Bpayn (7) 
Take NO/laraeT, YO MPH HATPOBAaHHH NMpOH3BOAHHIX HHAOMMHa HUTporpymna 
BCTyNaeT B NowloxeHve 6. 

BocctaHoBsieHHem 6-HuTpoO-1-MeTHIMHJOa PHpasMH-ruypaToM B MpHcyrT- 
CTBHM HUKeIA Panea Obl nomyuyen 6-amuHo-l-metuiuuHz01 V. Brrxon V cocras- 
aseT 49%, cunTad Ha MHJOU. 

6-AmuHo-|-MeTHIHHON Obi MOMyYeH Takxe Apyrum nytem. IIpu BoccraHoB- 
JieHuu 6-HuTpo-1-MeTHMHAOIMHA II xnOpHcTbIM OJIOBOM Obl BbI-eeH 6-aMuHO- 
l-mMeTuHiuHOoNuH VI. BemectBo o4eHb 6143KO MO CBOMcTBaM K 1|,1-quMeTHJI- 
-m-penusieHquamuny. Harpesanue VI c drasepbimM aHrHs~pHyoM Jano 6-cpramn- 
-muuo-1-metusuHgomun VII. VII 6p erugqpupoBaH KunAYeHHeM C Nasaquesok 
yepHbiO MH KOPHYHOM KHCMOTOM B KCHJOWe (CM. JerHApHpoBanHHe uHoOMHHAa (°§)). 
| 6-Oranumuno-l-merusmungon VIII mpu narpepauuu c ruA~pa3uH-rugzpaTom Jam 
_6-amuuo-l-meruiuyHfom V. Bex30ubHOe MpOu3BOLHOe, NpHroTOBseHHOe u3 V, 
noJyueHHoro u3 6-HuTpo-l-meruauMHZoa III, u npuroTtoBmenHoe u3 V, nowy4ex- 
Horo “3 6-draiumuHo-l-metumuHona VIII, oxa3aiucb MJeHTHYHBIMH (OTCYyT- 
CTBHe JenpeccHu TeMMepaTypb! MlaBJeHHA CMelaHHOL MmpoOnt). 6-bex3s0uamMuHo- 
- |-metumungon X Opi nomyyeH TakxKe Np JerusqpHpoBaHuun 6-6eH30n/1aMHHO- 
l-metuiuHdo1uHa. JleruapupoBanhe XJIOPaHHJIOM B KHMSALIeM KcHONIe Jano X 
c Bbixofom 80%, ReruyqpupoBaHHe MaslaqueBol YepHbiIo C KOPHYHOH KUCUO- 
TOH — c BBIxoyomM 67%. 


IKCNePHMEeHTANbHAA Uedi Cereb. 


6-Hutrpo-l-metuauugzonun II. 28,9 r I-mernmuugonnua 
I mpuOaBasioT Mpu oXxsaxKeHuu HMxKe +3° M SHEprH4yHOM NepemelMBaHuH 
K 200 ma Kon. H,SO,. 3aTeM Me2WIeHHO IIpHKaliblBaloT CMeCb 9,5 MJI KOHLI. 
HNO, (d 1,5) u 50 ma kon. H,SO, (2HeprHuHoe NepemelmuBaHne, OXJaKenne 
Hue +3°). Uepes 0,5 vaca peakIMOHHyI0 Maccy BbIIuBalor Ha Je (1 Kr). 
Ilpu nocrenennot nelirpanusayun cofol nomyuawr 38,5 r (komMYecTBeHHO) 
6-nuTpo-l-meruuujouuna II: BemecrBo ApKO-KpacHoro Upera, T. WI. 49,5— 
50,5° (43 BOAHOTO MeTHJIOBOrO CIIMpTa). 
Hatineno %: C 60,67; H 5,84; N 15,72 
CyHy)O2No. Baryncseno %: C 60,66; H 5,65; N Ua Te 


6-Hutpo-l-metruauugoan III—15,7r Iu 21,5 r xnopannna 
pactBopsioT B 300 Ma KcuuioIa M KunATAT 7 Yac. Ilo OxaxKeHHH pacTBOP Mpo- 
MbIBaIoT 30% LeIOUbIO, (PUJIbTPYIOT HM CMe HECKOJIbKO Pa3 MPOMBIBAIOT LLeJIOUbIO, 
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3aTeM BOO u pasOaBneHHOli comsHo KucuoToH (1 : 3). [lpomprBaor BotOH f) 

HM OTTOHAIOT KCHJION B BakyyMe. Ilocue mepekpucTaiMsalun M3 CIMMpTa TOJy- 

yaiot 14 r III (90%)—spxKo-xeuTOe BellecTBO, T. Mu. 76,5—78,5° (43 meTpo-jt 
weHHoro 9cpupa). 

Hatizeno %: C 61,43; H 4,79; N 1 

4 


,0 
CyHgOoNo. Brryncseno %: C 61,35; H 4,57; N 15,9 


6 
b) 

BemlecTBo He OOpa3yeT IMKpaTOB. » | 

6-Amuuno-l-metuauugon V. 15,7 r Ill pacrsopstor B 150,mn} 
MeTHJIOBOTO CHUpTa, JoOOaBrsioT 5 r wuKemn PaHea M MpHKanbrBaroT 50 MJ rHApa- if 
3uH-rHApata. Ha6smogaercs pasorpeBanve peakI{MOHHOM CMecH JO 60° u OypHoe, q 
BbulemeHve raga. Uepe3 uac OCTOpOxKHO HarpeBaloT peakIMOHHY!O CcMecb Jo 60,8 
3aTeM (pusIbTpPYlOT HM yiapuBaloT MeTHOBbI cnupT B BakyyMe. Ileperonsor V. 
Barxon 10 r V (78%). T. kun. 156° npu 3 MM. Baskad %KMAKOCTb *KeITOTO UBera. 
PasmaraetcA MpH XpaHeHHH. 


Hafineno %: C 73,69; H 7,26 
CyH,)N2. Baraucsteno %: C 73,93; H 6,89 


CoAHOKUCIbIA 6-amMuHoO-I-MeTHIHH OU Ob NOyueH Mp NponycKaHHH TOKa } 
.yxoro xslopuctoro Boxoponza B pactBop V B OeH30ue. IlocrenenHo TemueeT % 
pu warpeBanun Bone 100°. Pasmaraetca MpH NONbITKe NepeKpucTaMsallun. 
TurpockonuyeH B NpHcyTcTBHH CIMpTa. 


Hatiqeno %: C 58,91; H 6,30 
CyH,,N2Cl. Buruucneno %: C 59,17; H 6,07) 


lpn 6exsousmposanuu V no Iotrea — BaymMany nowyuex 6-6eH30namMuHO- 
-l-meruiuujon X. Bpixoq KomuuectBenupii. T. mm. 159,5—160,5° (u3 cnupra, 
-3aTe€M H3 OeH3MHa, 3aTeM H3 KCHJIOWA). 


Hatigeno %: N 11,04 
CygHy,zONe. Baryncneno %: N 11,20, 


IIukpat 6-6eH30u1aMuHO-1-MeTHJIMHIOIa — BeleCTBO OpaHxKeBOTO pera. § 
Tlomyyen B acupe. T. na. 151—152° (u3 6en30mAa). 


Hatimeno %: N 14,55 
Co2Hy,O3Ns5. Bpruucmeno %: N 414,64 


6-AmMuHo-l-mMetTuauuzouun VI. 17,9 r II pacrsopsior B | 
100 ma Kony. HCl u yo6asasator 80 r xmo0pucroro omoBa. BpinagaeT mourn Gec- | 
IBeTHaA Cob 6-HuTpO-l-MeTHIMHJONMHa M XJopucToro omoBa. IIpu warpe- | 
BaHHM Ha KMMAUeH BOAAHOM OaHe KpHCTaJIMYeCKH OCaqOK TBOMHOM com pac- 
-TBopsetcaA. Tlocue HarpeBaHusa B TeyeHHe 3 4ac. peaKILMOHHY!0 CMeCb OXJIaxKa- 
IOT MH OCTOpOxHO WOOaBrAroT 40% wWeNOub TO CHIbHO IeMOUHOM peaKIlMH. 
OKCcTparMpyioT MpOAYKT peakWHH OeH30JIOM, OTTOHAIOT GeH301 B BaKyyMe 
MeperoustoT NOJyseHHoe BeulecTBo. Ilomyuaror 8,7 r Vic tr. Kun. 143—144° © 
mpH 6 mm. T. na. 42—43°. Bpicrpo TemueeT Ha BO3Ryxe. 


Haligeno %: C 73,09; H 8,38 
[CoHy2No. Baruucneno %: C 72,93; H 8,16 


Ben30nbHoe nponsBoqnoe 1X Gpwio NOyYeHO C KOJIMYCCTBEHHBIM BbIXOJOM 
tIpH Oex30vmMpoBanuu no Ilotrea — Baymany. T. ma. 149,3—149,6° (u3 
3THJIOBOTO cmupTa). 


Hatiqeno %: C 76,09; H 6,49; N 414,43 
CsH;,ON2 Buruucneno %: C 76,16; H 6,39; N 11,42 


IX pacrsopserca B KOHN. HCl, yepe3 Jenb 3 pacTBopa BHIMalaeT comMHO- 
KHCIBIM 6-OeH30H/1aMuHO-1-MerHIMHpONMA. T. mt. 255,5—256,5° (us cnuprta) 


Hatiqeno %: C 66,41; H 6,27; N 9,65 
CygH1;ON.Cl. BpryHcseHo %: ( 66,54; H 3, 94: N 9,70 


6-MranumMuuHo-l-MeTHAHHAOMHH VII. 5,5 © 6-amHHo- 
fi-metHiuHgomuHa VI u 5,5 r draneporo aHruypuya narpesaior Ha OaHe mpu 
1200° B Teuenue 30 mun. Iocae NepeKpHCTa/IH3alHH W3 CHHpTa MOsyuaioT 
(10,2 VII (komnuectBenupit Bprxon). T. na. 160—162°. 


Hatizeno %: C 73,28; H 5,26;3N 10,08 
CyzHy4O2No. Boruncaeno %: GC 73, 36: H 5, 07: N 10. , 06 


6-Dranumuno-l-mMetuauugAoag VIII. 2,78 r VII xunarar 
fo yac. B 5 MI KcuONa Cc 2,96 r kKopH4uHOH KucAOTOL H 0,1 r nannaquesoli uepHH 
|B TOKe yryiekucuoro rasa. Tlo oxuaxkeHHH peakUHOHHOM CMecH JeKaHTHpyIOT 
|pacTBop C MadJaqueBoli YepHbio, TIpOMBIBaIOT ero 30% wenoubio, PubTpyiwr, 
| MpoMbiBaloT uleOubIO, 3aTeM BOJOH u pasOaBieHHon KucNOTOH (1:3). Tlocne 
}IPOMbIBaHHA BOAOH yMapMBaloT KCHJOJIbHbIM pacTBop B BakyyMe H Mody 4aror 
H1,7 r (63%) 6-ranumuuHo-l-merunungona VIII. T. ma. 189—190° (u3 6ex- 
isola ul clupta). 


™ Hatigeno %: C 7 
Cy7zHy202Ne2. Botuveneno %: C 7 


| GAmMuHO-l-MeTHUaAHHAON V uz VIII. 1 r VIII pacrsopsors 
/15 Ma MerHioBoro cnupta M HarpeBaror c 1 r ruspasHH-rug~pata Jo KuNeHHA. 
Hepes 1 vac NpouIbTpOBbIBaloT CNHpTOBEI pacTBop IV u BbIMMBaIOT B BOL. 
IKeTparupyior spupom, cywiat MgSO, u oTrousior B Bakyyme. Tlosmyyaror IV 
#B BAe Macwia. IIpu GeH30uMpoBaHHH ero ObIIO Nosy4eHo 0,6 r 6-6eH30H1aMuHO- 
'l-merHiuugona X c tT. na. 158—160°. 
6-Hutpo-l-metuau3zatun IV. K- pacrsopy4,dr III B180ma 
YKCYCHOM KHCJIOTBI MpHKanbiBaiwoT MpH MepeMelwwMBaHHu pactBop 5,2 r CrO, 
iB 15 ma Boer. Uepes 0,5 vaca qoOaBasaror 500 Ma Bogp u akcTparupyioT IV 
6eHs010M. Ilocne ucnapesua Oen30ua nomyyaor 4 r IV (76%). Kpucrannpr 
/apko-opanHxesoro upeta. T. mi. 180—180,5° (uz G6ensoua). 


] 


Hatieno %: C 52,54; H 3,411; N 13,62 
CyH,O4N2. Brraucneno %: C 52,43; H 2,88; N 13,59 


‘®Menuarugpazon IV — Bemecrso TemHo-Kpacnoro wpera. T. ma. 225—226° 
(43 ykcyCHOH KMCJIOTHI). 


Halizeno %: C 60,78; H 4,39; N 18,90 
Cy;Hy.03N4. Buraucneno %: C 60,81; H 4,08; N 18,94 


Hoctynnao 
26 VII 1957 


UM THPOBAHHASA JIMTEPATYPA 


InKerlies> ont ts J. Eso ax tom JsCchem: Soc), 1954, 26415) = Ma Wi eanizan om leieb, 
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mann, A. Fritzsche, Ber., 57, 1149 (1924). WW Ais, 185 SEL hh sels iste Grabowsky, 
M. Rawicz, Ber., 46, 3169 (1913). A aie Nie eh ih ay IBS, Ae 493 (1914). §&S. Su 
Pasawa, J. Satodo, J. Yanagisawa, Chem. Zbl., 2, 1410 (1938). 
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Jloxnagn AKkagemun nayk cccP 
1958. Tom’ 11S, Ne 2 


XHMH AR 
ie 


Axagemux A. B. TOMUMEB, HW. ®. BAEB u JI. A. MOPO30B 
CHHTE3 MOHO- HW JMPHYPOMEPEKHCH n- JJMM3ONPONJIBEHSOMIA 


IIpompruuienuble MeTO[bI NOyueHHA aJIKHOCH30JIOB He BCerfa NOSBOIIHIOT 
NOJYYMTb alKWMaT, MPHPOAHbIt WA »%uAKOpasHoro OKUCeHuA. B sTOK CBA3H 
CTPOMTEIbCTBO KPYMHOTOHHAKHBIX MPOW3BOJCTB ObIIO ONpeseseHO TeXHOMOrvere 
CHHTe3a H30MponNGeH30/1a U3 S6eH301a HM MpOMMJeHa B MPHCYTCTBHM KaTasu3a-e 
TOpa xmopucroro amiomMHuA. Ha nepBom 9sTale STO OOecneuHJIO ycCNexX OCBOeCHU AIP 
COBMCCTHOFO MPOMBILWJICHHOTO MpOu3BOAcTBa deHoa H alleToua (). 

Panee coo6ulamocb, uTO HapsAyy C M3yyeHHeM Mpollecca aJIKMJIMpOBaHHA 
6eH301a Oue:bHHaMM B IIpHCyTCTBHH KaTasM3aTopa cTopuctoro 6opa (*) u3y-— 
yaeTCA HW %KMAKO*a3sHoe OKUCJeHHe aJIKHJIOeCH3OJIOB, MOJIYYeCHHBIX 9THM MeTO-% 
nom (°). B 3TOM COOOMIeHHH MpPHBOAATCA JaHHbIe XKHAKO*asHOrO OKMCJeHHAIE 
n-JMU30NponHsOeH30/1a, MOJIYYeHHOrO BbILWeyKa3aHHbIM MeTOJIOM. t 

B mpottecce »*KHAKoda3sHOro OKHCJICHHA N-THH30NponHOeHs0/1a OOpas0BaHHelf 
MOHO- HM JMrHyponepekucH MpoTeKaeT B COOTBeETCTBHH C YypaBHeHHAMH: 


(GHEY CHK” )CH (CH) Oy-(CHy)3 COOH <A (CH3)z, (ym 
(CHa) COOHK” CH (Clio Oe CH. COOM <_ PCOoH(CHs)s. (2) 5 


n-]uv30nponuiG6en30/1 BbIJeeH H3 aJIKHJIaTa, NOJIyYeHHOrO Ha YCTaHOBKe, 
IIpOH3BOJHTEIBHOCTb KOTOPOH CO- 


Ta6Oauna 1 
cTaBuamta 60—70 kr n30nponHm6eH30- 


CpolicrBa (pakUHH, BbIAeJIeHHbIX U3 NOJMaJ- 


Secon: aa wu 7—10 xr/uac n-_uH30NpomMa- 
- OeHs0Va. 
eaacied § 6 B OasancoBom ompite (Ne 5) B3a- 
¥ ro Es MMOJeHcTBHeM OeH30JIa Cc MpomHue- 
CJIOBHA pa3sAeJIeH 
pasa fae HOM B COOTHOWEeHHH | : 0,46u KaTa- 
u cpolicrpa bpakuuit * Ban musatopa 0,00055 Mow. nomyyeHo 
Bs 2051 kr cmecH cocTaBa: Hempopea- 
ey rHpoOBaBluero Gensona 38%, 30- 
sean cans careaesat mponul6ensoa 50.4%, un30mpo- 
xy KonouHB,. °C| 8202) | 88400 NHNOCH30Ja HW BBICHIMX aJIKu6eH30- 
Jlapjienne pu oT- 0B 10,6%. 
Cope ppakuni, eye M3 nommaiKui6eH301bHOH (pak- 
MM pT. CT. PA e\—— A Oe aTM. 
Gre cac eet WMH MeTOJOM BakKyyMHOl peKTudu- 
aus & 22.3 57 20 KallHH, Ha KOJIOHKe 3peKTHBHOCTHH | 
a 0,8542 10,8580 10,8628  22—25T. T., BbIeneHbI pakUHH, co- 
nt 148926] 1.48976] 1,4899  C?aB KOTOPEX mpuBeyen B TaOm. 1. 
JH OKHCJICHHA HCMOMb30BaIacb 


MpeABapuTesbHO OUMIeHHad dpak- 
una II an 0,8585, 29 1,48982, T. sarB. or —20 no —23°. 


nveonponmndestonmne: (ppakuusA NO NOKasaTeIAM He COOTBeTCTBOBasa 
UMCTOMY N-TUM30NponuOeHsO/y, IpuBeyeHHoMy Muvipnosbyepom (4), d?°(),85676, 
n> 1,48983, T. saTB. —17,07°. B mpomecce nonyyuennsa rumponepeKucn 


pene ena BOSIYX C COMepxaHveM KHCMOpona 21—22%. Oxucmenne TIpo- 
BOJHJIOCh B CTeKJIAHHOM 3-JIMTPOBOM peakTope, Seomanien SHeEPrHuHO jeh- 
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Aaa onpita B3ato 1,5 KI (HHu30nponmMa- 
eH30/1a, 56 Mr ByxBaJleHTHOrO: MapraHla u 
OT rufapata OKHCH Kamba. Peaks, 1poBo- 
Mlacb pu Temnepatype 112°+-1°, cxopocru 
ofaun BO3sAyxa 65—70 u/yac uw aTMocdepHOM 
aB/leHuH. KoutTpodb 3a o6pa30BaHvem ruy- 
ONepeKHCH B peaKUHOHHOH Macce MpoH3Bo- 
WJICA HOJOMeETpHYeCKUM THTPOBaHHeM Mi 3a- 
epoM pepakuuu mpo6, oT6upaemprx U3 
eakTopa. KonuesTpauua Truyponepekucu B 
€aKUMOHHOH CMecH -JOMycKallacb He BBI- 
e 55% B Mepecuere Ha MOHOTMApoTIepeKHcb 
ma 25% Ha Wurnyponepekucb. OGpasoBpanne 
UponepekHcu B peaKIMOHHOH CMeCH B 3aBH- 
MMOCTH OT BPeMeCHH peakilHH NOKa3aHO Ha 
mc. 1. 

B cBa3H C TeM, UTO OKHCJeHHe 1-UH30Npo- 

WIGeH301a MpoTeKaeT BHaYale Cc OOpas3o- 
BaHHeM MOHO-, a 3aTeM JHruAponepekucn, Ha 
Pacduke JaHbt: KpHBan J B MepecueTte Ha 
OHOrHAponepekucb HM KpHBad 2 — Ha WMrHy- 
ponepeKucb. 
Ilo okoHYaHHH OKHCJIeHHA OI y4eHHYyIO 
KMeCb TIpH Temnepatype 100—105° otdusb- 
TPOBbIBaJIH OT B3BecH Ha CbubTpe Worra. Iloc- 
€ STOTO peaKILHOHHYI0 CM€Cb pase AIH Ha He- 
popearupoBaHHbI JMM380TponHsi6eH30/1, MO- 
Orufponepekucb HM Ha JMIuAponepekucp. 

Tloka3aTemu mpolecca OKHCIeHHA JIMM30- 
ponus6eH3071a H KavecTBa MOJIYYeHHBIX Mpo- 
YKTOB TIpHBeyeHb! B Tad. 2. 


TBYIOWEH MeWIaIKOH, OOPATHbIM XOMOAUIbHUKOM, OapCoTepoM, 2WIeKTPOcMu- 
aJIbIO WIA OOOrpeBa HW COOTBETCTBYIOULHMH MpHOopamu U3MepeHUsA H KOHTPOVIA. 


%o 
30 


E 8 


SS 


Konuvecmbo éudponepekucu 


10 


Z, 4 6 6 yac 


Puc. 1. Cxopoctb o6pa30paHua rHy- 
pollepeKWCH “B PpeaKIMOHHOH cMecH B 
3aBHCHMOCTH OT BpemeHn. 1— B Mepe- 
cueTe Ha MOHOrMZponepekucb, 2—B ne- 
pecuete Ha MMrM~ponepekucb n-IH- 
H80TponmnsOeH30Na 


BpieeHHadt U3 peaKUMOHHOM CMeCH MOHOrHAponepekucb N-AHH30NponH- 
€H30J1a NpeAcTaBJAa COOOK MaCJIAHHCTYIO Oe3 WBeTa HKUAKOCTh C COMepxKaHHeM 


Ta6Oautla 2 


TlokasareJin OKHCJIeHHA JMMZONpOMMGeHsON_HOH PpakuHH 


Coyep- 
*KaAHHEe 
Koau- | ocnos- goo p20 |T. un. 
wecTBO, | yoro 4 D °¢ 
= Bell., 
% 

B3aTO Ha OKHCJICHHe: z A i 
n-WHM30TponHGeH30N 4500 | — |0,8585/1,48982) —21 
BO3AyxX (JIMTpoB) 700 | 21 — — — 
JBVXBaJIeHTHbI MapraHen, | 0,056] 6 
THApaT OKHCH KaJIbuMA Al 98 — — — 


Tlomyyeno peakuwonnoft cmecu| 1032 | 56* 


B Tom unHcwe: 


N-]MUZONpOMHNOeH3ON1 651 | 98 


MOHOrHAponepeKuCb = 1-{H- 


H30TponusOeHsoa 637 | 91,4 


TUrHApoNepeKHcb —fl-][HH80- 


nponus6eHsou1a OO) ||| Shei, 7 


Jiuusonponus6eH3ou/ H Ip. Upo- 
WYKTbl U3 OTXOLAMWMX Ta- 


30B 90 — 


0,8584|1,48981, — 
0,9981|1,54280} — 
(270Ne == 139 


’ 


0, 8587/4 4894 | — 


* Tyyponepekicb B MepecueTe Ha MOHOMPOJYKT. 
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OCHOBHOrO BeuecTBa 94,6%, BbIKHMaloulero pH Temmepatrype 98—112° | 
OCTaTOUHOM JaBsleHHu 0,17—0,21 MM pt. cT., 20 0,9932, 129 1,51286. IIpu co; 


qepxkanuu 14,1% MoHOorMAponepeKHcH B pacTBOpe A-{MM30MpomMHOeH30W } 
n2 1,4930. MonoruAponepekucb CMeLIMBaaCb C OUMLLCHHBIM n-uu30npomHs6en} 


30JI0M B COOTHOWWeHHH 2: 8 no Becy HM CHOBa NofBeprasach OKMCJICHHIO. 
Nowayyenuasd .Mruyponepekucb OUMIeHa MepeKpHCTaIM3salMeH B OeH3OUIE 
Ilocue OUNCTKH JMruypomepekucb MpescTaBala cCOOOK TBepfoe KPHCTAaJJIH4G 
cKoe, Oen0ro IBeTa BelecTBO C COsepxaHvem 99,8% ocHOBHOTO MpOAyKTéfl 
T. na. 140°--1°, npw naapnenun pa3zsaraetcs, d20 1,2724, n° 1,38326, B 6% pact 
TBOpe H30MpomMoBoro cmupTa (4MCTHI H30mpomMsOBEI cnupT 12° 1,37664)) 


Takum o6pa30M, f-quu30NponMi6eH301, NONYTHO MOJyuaeMbli C H30NpC 
MIMJIGCH30JIOM, ABJIACTCA XOPOWIMM UCXOHBIM TIPOXYKTOM WIA NOTyYeHH | 


Qurusponepekucu n-Mu30mponHsiOeH3oua. 


Tlocrynusio 
3 V 1957 


UMTHPOBAHHAS JIMTEPATYPA 
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Jlokunanp Akagemun Hhayk CCCP 
1958. Tom 118, Ne 2 


XHMHA 


A. WH. 4EPKECOB 


NEWA®HYECKAS BbICOKOUYBCTBHTEJIBHAA ®&JIYOPECLIEHTHAS 
PEAKUHS HA AJIFOMHHHK 


(ITpedcmaeaeno axademukom A. I]. Buxnoepadoseim 3 VIII 1957) 


Baxkuenuue OpraHuueckHe peaKkTHBbl Ha aJIIOMMHHH XapakTepusylorcs 
aIMUHeM THAPOKCHJIbHOK-FpyMNbl B MepH- WIM OPTOMOOXeHUH K ATOMY, OOpa- 
BYIOWLEMY KOOPAMHAalMOHHyt0 CBx3b. bombuaa rpynna paccmaTpHBaeMbIx peak- 
MBOB MOKeT ObiITb NpescTaBleHa B Buse Clenyiomux cxem (:,2): 


KC 
. “OH 
[ 


paAecb KC—artom, oOpa3yrtoulvit KOOpAMHaUHOHHY!O CBA3b C HOHOM aJIIOMHHUA. 
B sTy cxeMy ykJlajbiBaloTCA MHOrWe OKCHaHTPaXHHOHbI, pearupyrouyue 
> MOHAMH aJIIOMHHUA C OOpasOBaHHeM OKPaleHHbIX akOB MIM Piyopecllupy1w- 
MX  MpOLyKTOB peaKkuuH. Tak, 
Oblia MpedvioxwKeHa BbICOKOUYBCTBH- 
ebHadA (JlyopecieHTHaA peakuHA 


ING 


on 


7 


TalOun mae A 


ConoctaBJleHHe Han6oulee UYBCTBHTCJIbBHbIX 


HOH B 3TOM cay4ae pearupyeT co 
MHOFMMH JPpyrHMH HOHAaMHM MeTaJJIOB 


i a alioMHHHi c 1,4-quoKxcu-5,8-nH- dsayopecuenTHpix peakuMit Ha  amomuHnit 
}XJIO PaHTPpaxHHOHOM (?), KoTopas = 
jmpoTeKaeT NpH HarpeBaHuu MB MpH- 3 > og 
ICYTCTBHH KapOoHaTa Kasbuna. AB- os = 
TOPbl XapaKkTepu3yIOT STY peakIluro ae a2 33 
Kak cnellMduyeckyio, ocyiecTB/ae- Es a3 
MY1IOB JOCTaTOUHO KHCION cpefe; npu 

lOoulee BbICOKUX 3Ha¥eHHAX PH ue 

|MO2KeT ObITb HM peyH O cNeWMPMYHO- Mopunn 0,005 | 4: 107 
ICTH paccMaTpHBaeMOH peaKUMH, Tak  1,4-qvoKcu-0,8-nHx0panTpa- Rianne 
ek 1,4-qvoKcu-5,8-2uxsi0 paHTpaxu- ia coneublagreiias KHCJIOTa 0/0002 4 : 107 


. Mexann3M 9TOH peakUMH He H3y4aJcA U4 


iB CBA3H C 9THM HeH3BeCTHO, K KaKOMY THNY peaKUHH OHA OTHOCHTCA — K 
peaKUHAM BHYTPHKOMMIeKCOOOpa30BaHHA HIM K aCOpOWMOHHOMY THNYy. 

YMOMAHYTaA peakUHA, OHAaKO, OblIa HavOo/Iee YYBCTBHTe/JIbHOH M3 BCeX 
H3BeECTHBIX JO HaCTOAUerO BpeMeHH (bIyOPeCWeHTHEIX PeaKUHH Ha aJIIOMHHMA 
(ra61. 1). 

Vsyyait anauTuyeckue CBOMCTBa HeKOTOPbIX apHJI- HM HadTHJIKapOOHOBbIXx 
KHCJIOT, MbI YCTaHOBMJIH, uTO 2,3-oKcHHadToHHaA KucOTa | ABJAeTCA BbICOKO- 
YYBCTBUTEJIbHBIM CMelMuYeCcKHM dlyopecleHTHbIM PeaKTHBOM Ha aJIIOMMHUH. 


Kovctiae Hos sae 
egvamede N 
0 
AS 

y 

ee 


II 
2,3-okcuHapTolivad KucI0oTa B BOMHOM pacTBope c pH >2 umeer 3eyenbih 
user (blyopeclleHuMu B ybTpadvoseToBom cBere; pH pH <2 — ue dsuyopec- 
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mupyer; uWBer uyopecteHuuu B Gexnsoe — (pHOMeTOBEIM, B xs10 poco pMe — 
cupeHeBbiit, B CHHpTe — 3e/leHbIi; spp MW YeTbIPeXXMOPHcTHI yrviepod racw 
cbul yo peclleHILHI10. 
Ilappr 2,3-oKcunadrolinoi KucioTer dlyopecltupylor voeTOBLIM WBETOM 
uTO JlelaeT BO3MOXHBIM MpeqNosaraTb HaMUMe B BOMHBIX pacTBOpaxX AHMepo) 
39TOTO COeIMHEHUA, BOSHH KAO 
BculeqcCTBHe OOpas0BaHHA BOOpor 
HbIX CBA3e€H; HM, OYeCBHAHO, H CJe 
mye? MpuMuucaTb 3ereHE WBer duly. 

opecileHHH. 
a5. 40 «20 +90 +40 nnn? IIpu B3aHMOeHCTBUL 2,3-0KCH 
5 70 60 §0 40 mn okcunogm, Ha*pTOHHOH KHCJIOTbI C HOHAMMH aJliO) 
‘ MHHMA B BOAHOM pacTBope c pH 31 
Puc. 1, @usmko-xumMuveckuit anamu3 CHCTeMbI: Bye BOSHAKaeT APKaA royOad Dy 


a oe oe es a OPIN es Ra opecilenia, HaOu0aemaa B YbTpa 
CM a6cllHce OTIOKeHbI co - 
Su FO a8 (pHOIeETOBOM cBeTe. 


eMOB pearHpy!OUlMX KOMMOHCHTOB (MOJIAPHOCTh 
pacTsopos KomnoxKexHTos 1|- 1074) 3Ta peaKkIid BHINOJIHACTCA CIIELY 


; OULUM OOpasom. K | Ma cadoKucO 
ro HCMbITyeMOrO pacTBOpa MpHOaBJIAIOT NO KaMIAM HACHILLCHHBIM BOJHBIM PacTBO] 
peakTuBa; ciemyer H36eraTb H3ObITKa PeaKTHBA, TaK KaK B 3TOM CJlyuae TOYO! 
I[BeT IpOMyKTa peaKUHH MOKeT OKa3aTbCA 3AMACKUPOBAHHbIM SCJICHbIM IBeTOD 
(bayopeclieHiwH camoro peakTuBa. UyBcTBuTesbHOCTh (biryopecieHTHOH peak 
iuu coorsercrByet 0,01 y amioMHHHsA IIpH upexembuom pa36aBuenuu | : 10% 

PeakIlua MOXKe? ObITb BHITIOJIHeHa H KalleJIbHbIM MeTOOM. JLia sTOTO CusIbTpPO! 
BaJIbHy!O GyMary CMauMBaloT peaKTHBHbIM PaCTBOPOM H BbICYUIMBaIOT. PeakTHB 
HbIdf PaCTBOp TOTOBAT CeLyIOUL4M OOpa3om: oKouo 0,1 r 2,3-oKcHHadToHHOL 
KucOTHI HW O,2—O0,3 r ypoTponmuua pacTBopsioT B 20 MJ BOAbI; ECM MMeeTCA OCTa 
TOK HepacTBopuBulelica 2,3-OKCHHaPTOHHOH KUCOTHI, erO OTPUJbTPOBbIBaIOT 
PeakTuBHand Oymara (piyopeclupyer B YyJIbTpadvoOseTOBOM CBeTe 3eJICHBIN 
HBeTOM; IPH CMaYHBaHHH BOOM WBer (iyopecileHiuH He H3MeHAeTCH. 

Jat OTKPBITHA aJIOMHHHA Ha peakKTHBHy10 OyMary HaHOCAT Karo HCIbE 
TyeMoro pacTBOpa, MpHyeM paCTBOp MOXe?T ObiTb JocTaTouHO KuCAbIM (pH 2— 
3) H MoABepraior yibTpapuoeroBpomy oOsyyenuto. B npucyTcrBHuu aIOMHHHs 
NOABIACTCA royOoH Weer PiyopecleHWHH Ha 3e7eHOM (pone. UyscrBureJIbHOCTE 
KalleIbHOH peakiuu 0,0002 7 aioMHHUus pH NpeyetbHOM pa3sOaBsenun | : 107 

@yopectesTHOH KanebHOH peakUMH Ha aIOMHHHi c 2,3-oKcHHadToiHol 
KMCJIOTOH He MeUIaloT HOHBI CIELYIOUMX QIeCMeHTOB (MPM UX OObIUHDIX BaJeHT 
HBIX COCTOHHNAX): Ca, Sr, Ba, Mg, Zn, Cd, Hg, Pb, Sn, Ti, V,. As, Sb, Bi, @& 
Mo; "Won, - Go. ON cu. 

B upucytcrBun wonos Th**, [810 u Fe?* B WeHTpe 1aTHa OOpasyercs, Kak 
mpaBuo, Hedplyopecl\upyioulee Nose: sTO OOBACHAeTCH TEM, 4TO MONI TOPHS 
OKa3bIBaIOT CHJIbHOe TYWatlee JelicrBuve, a vost UO?” wu Fe%* o6pasyror WBeTHBI 


KOMIMICKChI C peaKTHBOM. OfHaKO BCJIeACTBHe 3HaNHTeIbHOTO paMasbHOrc 
KallWJWJIApHOro MepeMelleHHA HOHOB aJIIOMHHMA (KanuwIApHoe pa3hemenue 
Bcerya OOpasyercA ronyOad KaeMKa M@exKTy 3ereHbIM cboHOM cbmyopecleHuHt 
peakTHBHOH OyMarM HM HetlyOpecttupyioulHuM TeMHBIM MATHOM. Cremyer 3aMe 
THTb, YTO MIpH NoHWKeHuH PH UyBCTBUTeIbHOCTh peakUHu cHM>xKaeTca. IIpr 
BbICOKUX PH (B NpucyTCTBHUM CBOOOAHOH MeN) OTKPHITHIO aJIIOMHHHA Mellae: 
MarHui, alcopOupyioumi Ha noBepxuoctu Mg(OH), peaKkTus u jaunt ana: 
JOTHYHY1IO (/lyOpeckeHi{H10.! 

IIpeqnostoxenve O TOM, ¥TO *ilyopecleHTHaA peaklMA Ha aioMHHUH c 2,3 
OKCHHAPTOHHOH KuCNOTOH ABJIAeTCH acopOWMoOHHOH, He nowrBepdusocb. Bo: 
N€pBbIX, STOMY MpOTHBOPeyHT HaM4yMe peakKUMH MpH 3Hayenvax pH Gomer 
HMSKUX, YeM TO 3HAaYeHHe, MPM KOTOPOM HauMHaeTcA OMLyYTHMBI TrugpomH 
come aJOMHHYA. Bo-BTOpBIX MeTOAOM (pH3HKO-xuMHYeCKcTO anamu3a (4,5 
ObIM ONPeMeIeHbl CTEXHOMETPHYeCKHe KOS(PHILHeHTEI, COOTBETCTBeEHHO KOTO. 
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pbIM NpOTeKkaeT peaKUHA BHYTPUKOMMseKcoOOpasoBaHua. Ha puc. | no ocu 
PAWHAaT HaHeCeHbI 3Ha4YeHHA MHTeHCMBHOCTH (biyopecienuun I. 

Hs puc. | Buquo, uTo MakcuMyM qplyopecleHlMu UMeeT MecTO B TOM cJIyyae, 
KOTla OTHOWEeHHe OObeEMOB SKBUMOJICKYJAPHbIX PACTBOPOB KOMIIOHEHTOB paBHO 
If: 3 (mpu pH 5). 

Ha OCHOBaHHM W3JIOXCHHOFO MOXKHO NOMaraTb, YTO cocTaB OOpa3yrouserocs 
BHYTPHKOMIMJIe€KCHOFO COeMHeHUA OTBeYaeT Copmyuie (C,,H,O,), Al c Bo3Mox- 
HOW crpyKtypon II. 

OnbitamH m0 Ha6mofeHuio addekta Tungaia ycraHoBjieHo KOON HOR 
COCTOAHHe KOMIWIeKCa B pacTBope. 

OnucaHHasd (biyopecieHTHan peakKUHA MOxKeT ObITb NpHMeHeHa JIA KOMH- 
YeECTBEHHOFO ONpPeAeeHHA CIEMOB aIOMHHUA, MpH4emM paOoTaTb MOXKHO C KOH- 
WenTpawuamu oT 0,1 y go 0,01 y na I ma. KomnuectBeHHoe ompeyemenue auiio- 
MMHUA PeKOMeCHAYeTCA MpOBOAMTh MeTONOM CTaHapTHOH iWiKaJIbl, HaOOAaeMon 
B yJIbTpaduOJleTOBOM CBETEe. 

2—3-okcHHadTolinad KYCOTA MOXKeT ObITb PeKOMeHJOBaHa H B KauecTBe 
@syopeclieHTHOTO MHAMKaTOpa c HHTepBayiom nepexona 1,9—2,3 ennuun pH. 


ActpaXaHCKWli TeXHWueCKMli MHCTHTYT Ilocrynuano 
PbIOHOH MpOMbILIIGHHOCTH MW Xo3salicTBa 16 V 1957 


HWHMTMPOBAHHAA JIMTEPATYPA 


2B. WM. Ky3sxeunos, JAH, 50, 227 (1945). 2 JI. M. Ky ap6epr, Opranuueckue 
peakKTHBbI B aHaNHTHUecKOli xuMuM, 1950, cTp. 85. 3 JI.M. Kyab6epr, W.C.Mycrta- 
duu, JAH, 77, 285 (1951), 4H. HW. OctTpomucaeuckuth, Ber., 44, 268 (1911). 
mils lob, Ann. Chim., 9, 113. (1928): 
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Jloxnann AkayemMuu Hayk cacP 
1958. Tom 118, Ns 2 


PH3BHYECKAA XHMHA 


Axanemux A. A. BAJIAHJIMH, O. K. BOrJAHOBA x» A. Tl. WIETJIOBA 


O CBOBOJHOM 3SHEPIHN, TENJIOTE HW SHTPONMM AACOPBUMOHHOrO 
BbITECHEHMA CIIMPTOB BOOM C NMOBEPXHOCTH OKHCHOFO 
KATAJIH3ATOPA 


B paOotax (1) uccmefoBalacb KMHeTHKa NeruAporenusallMu psa CHMPTOB 


HaJl CMeIUaHHBIM OKHCHBIM KaTalM3aTOpOM. Baio noKa3aHO, 4TO Ha KaTa/N3a- 


Tope mpoTekaeT peakUua JervAporenusalHH Oe3 3aMeTHOTO OOpa3soBaHHA | 


MIpOLYKTOB pasviox%KeHHA U erufApaTalun cnupToB. Bpwiu ompesemenbl OTHOCH- 
TEIbHLIe aCOPOUMOHHbIe KOS@PUUMEHTE! NpOAYKTOB peakitMH. Havifeno, To 
OTHOCHTEJIbHbIH AaCOPpOWMOHHBIH Koaddu- 


JoeB bie! IMeHT BOJOpoya mpakTuyecKH paBeH Hy- 


Jlerupporenvsauua OnHapHbIx cMecelt JIIO, a OTHOCHTeCJIbHBIE alco pOLMOHHBIe | 


cnHpT — Boda KOS*PPHIUHeEHTLI aJbAerHJOB ABJIAIOTCA | 
dyHKuveH TeMilepaTypbl UM C MOBBIILe- 
é. 3 Ananus raga (B 06. %) HHe€M TeMIlepaTYPbl YMeHbIMIaloTcH. 
«|S alr: B wactosmeH paOoTe uccieqoBalacb 
ole ies KMHeTHKa JlerHporenusaliun OMHapHbIx 
3} Eto) B cio ® 
2 2, Sag | COz |CrHen| He cmMeceH Me€PBHYHbIX CNHPTOB HOPMaJIbHOrO 


CTpOeHHA C BOOM Ha TEM %Ke OKHCHBIM 
KaTaH3aTopoM. Llemb pa6oTh cocToasla B 
OMmpeseleHHH OTHOCHTeIbHEIX aycop6- 
99,9 WHOHHBIX KOoPpPHUHeEHTOB BOJBI H B HC- 


H-IIponunaoBHh cuupT—BOfa 


534] 307 | 10,9] x 
535| 320 | 19,4 | 0 
538] 326 | 20.7 | 0 
536| 342 | 36,1 | 4 
537| 357 | 52,2 | 4 


ae’) HOBAHHE ACOPONMOHHBIX KOSqxPULLHeHTOB 


mpeqcTaBideT MHTepec C TOUKH 3peHHA 
OpHeHTAallMH MOJIeKyJI Ha NMOBepxuocrn. Jia 
padoTn ObluIM B3ATHI CeyOUlMe CNMpPTEt: 
t | ner | 99,9 A-MpONWIOBbIM, A-OyTHIOBBI HM H-reKcH- 
4 | net | 99,6 JlOBbI. CnupTEt nepex OMbITOM CYLIMIHCh 
: ne eae MeTHaTOM MarHusa (2) H pasroHAMcb Ha 

: ; KOJIOHKe. CMpTbI HMeIH CeLyIoUe KOH- 
CTaHTbI: A-MpOMHJOBbIM CNHpT, T. KUHN. 


Ay 
2 
; 99,4 OT JWIMHbI yriepoAHoli wenn cnupta. Uccate- 
2 


H-DYTHJIOBbIU CHHPT—BORAa 


539) 302 | 8,6] x 
540| 322 | 15.5] 0 
541| 340 | 30,5] 0 
542| 360 | 51,0 | 0 


H-TeKCHAOBLIH CNHpT—Boga 


See 41,5 ner | ner |100 JOBLIH CNHpT, T. kun. 117—117,5°R 
947/320, 26,0 | 0,6 . 99,4 20 20 Bae - 

548) 340 | 52°0 | 0°8 ee: : 0,8098, ns 1 3992; x-rekcunoBpii cnupr, 
549| 360 | 83,0] 0,8 


n01 4188. 

Mcxomupie cmecu cnupT—soyla nowyyauch IYTeM JOOaBJICHHA BOJbI K OTBELICH- 
HOMY KOJIMuecTBY cnupTa. IIpu mpurotoBmennu cmeceli OrpaHvveHHad B3aMMHAaA 
PaCTBOPHMOCTb KOMMOHeHTOB Havlaravia 
B ompirax C A-MponMoBbIM u A-6yYTHIOBEIM CHMpTaMH CMeCH coOJlep Kan 
34,2 Mom. % BOJbI, a B OMbITaX C H-FEKCHJIOBbIM 17,1 mom. % BoE. OnnITHI IIpOBO- 
AMIHCb NO MPOTOYHOMY MeTORY B Tex Ke YCMOBUAX, KaK MH B paOoTax (4). CKxo- 


99,4 CJIC€HOBAHHH 3aBHCHMOCTH 93THX BeJIHUHH | 


O7-0f d2 (,8044, ne 1,388; x-OyTH- 


072 | 99'0 T- kum. — 155,1—155,8°, 2 0,8196, 


mpefqest Ha BbIOOp KOHIWeHTpallnit. — 


Se eg OO 


pocTb peakUHH ONpesesaAIach NO BEILeTeHHIO BOJOpoa, KOTOPoe TIPOHCXOJHJIO 7 
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MOCTOAHHOH CKOpPOCThIO; KaK MOKa3aJI aHaJIH3, B BbIJeMBIUeMCA Fase COJepxKa- 
Cb HeOOIbI0e KOIHYeCTBO CO, H HeMpeebHBIX YIIeEBOAOPONOB, He MpeBbIaB- 
ee 2% (ra6n. 1). OnbiTEt MpoBOMIMCh B HHTepBasle Temneparyp 300—360° 
CKOpOCcTbiO UponyckaHus cMecH 1,05 Mi BOO MMH. AIA CMecei mponvstoBoro 
OyTHIOBOrO cnupToB v 1,4 Mi BS MMH. 


JIA CMeceli TeKCHIOBOTO cnupta. 


Ta6Oauua 2 


J\eruyporenusauua OMHapHIX cMeceli cnupT — Boga. Oruocu- 
T@JIbHbIe aJCOPOUMOHHbIe KOSPPHUKEHTHI BOLI, paccuuTaHHble 
no dopmyvie (1) 


BbId cuupT —| 320,5| 43 | 26,0 
Bowa 340 70 02,0 


yae (*): ie 
BAM TDS) ge a0 ll 


_ Kak BHXHO H3 MpHBeeHHEIX JaHHbIX, 
OTHOCHTeIbHBIM aycopOuMoHHEI Kosdpu- 
WHeHT BOJLI 3aBHCHT OT TemMepaTypbl; C 
NOBbILIeHHeEM TeMNepaTYypbI BeJIMYHHA ero 
yMeHbluaeTcA. CpaBHHBaw CKOpocTH Jle- 
THIPOreHu3alHH CNHpTOB MpH OAHOK U 
TOM »Ke TeMMepatype, HaOJOJeHHbIe CO CMe- 
CAMH CNUpT—BOa, CO CKOPOCTAMH, NoJy- 
YEHHBIMM C UYHCTbIM CNUPTOM (Mm HU Mp, 
Ta61. 2), MO2KHO BHJeTb, YTO NpHOaBsIeHHe 
BOJ[bl YM@HbIUaeT CKOPOCTbh eruyzpore- 
Hu3alluH cnupta Oosee yem Ha 45% pH 
Temnepatype 320°. C noppiuenvem Temne- 
paTypbI TOpMO3Auee elHcTBHe BOLI M0- 
CTemeHHO yMeHbulaeTcx. TakuM oOpa3om, 
MOXKHO CileylaTb 3aKIO“eHHe, U4TO apbl 
BOJbl alcopOupyloTcA KaTaJIM3aTOpoM, U 


Temne- Mo m —AF, |—AH,| —AS, 
Creer patypa (p= 100 (p=65,8 Kan | KKag Kal 
B °C |mon. %)|Mon. %)| 2 | Sons | Moab Tpaa- 
- *MOJIb 
H-ITponuso- | 307 31 | 10,9 | 3,5) 1440 
BbIH cnupT —| 326 45 | 20,7 |2,25) 960 | 16,2} 26,0 
Boyla 342 60 | 36,4 |4,27) 290 
307 Ud O20 271029" 30 
H-ByTusoBpi| 302 20 8,6 | 3,6) 1460 
cnuptT — Bona| 320 oo 15,5 |2,42| 1040 | 16,4] 26,0 
341 BA |) SOR aye Slate, 
360 To DOR OF 9130 
= 52,9 
] Mou. % 
H-lexcusto- | 302 28 ao 3.7] 1490 


2,48] 1070 | 16,4] 26,4 
4.36), 370 
360 | 102 | 83,0 | 0,9] 440 


OJIYYeHHbIe JaHHble MPHBEJeHHI B TAO. 1 M pacnoOxweHbI B NOpAAKe BOspacta- 
ua Temnepatyp. B Ta6O7. 2 npHBeeHbI BEJIMYMHbI OTHOCHTEIbHBIX aCOPOWHOH- 
bIX KOISPPHUHEHTOB BOI Z,, BbIUHCCHHbIC W3 OMbITHbIX JaHHbIX M0 (op- 


ar 

re 
NY ait 
/ x 2 
oJ 

0 


300 520 340 560 °G 


Puc. 1. Benuunua zq kak (byHKUMA TeM- 

lepaTypbi Aa cMeceli pasHbIX CNMPTOB C 

Bolo: J — xX-liponusoBEli cnupT, 2 — 

H-OyYTHJIOBbIt CNMpT; 3 — H-PeKCHJIOBEIL 
cnupT 


TeM CHJIbHee, 4eM HHxKe TemMepatypa. AcopOmMoHHbIe KOSPUUMEHTHI BOB Ha 
aKTMBHBIX IWeHTpaX KaTayIM3aTOpa B HCC/eJOBaHHOM MHTepBasle TemllepaTyp 
oKa3prBaioTcd B 3,5—1,3 pa3a Sombie 11 BOA, YeM Jia cnuprTa. Ha puc. | no- 
Ka3aHbl BEIMUMHbI 2, WIA UCCeAOBaHHbIX CMMPTOB MpH pa3/IM4YHbIX TeMMepary- 
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pax. Kak BHyHO H3. TAG. 2, BEMYMHbI OTHOCHTEJIbHBIX AaNCOPOUMOHHEIX Koag 
(pHILMeHTOB BOI, PaCCUHMTAHHbIe U3 OMBITHBIX JaHHbIX VIA H-MPOMMJOBOTO 
H-OYTHJIOBOLO HM A-PEKCHJIOBOTO CNUPTOB, HMeIOT 3HaYeHHA, OJIM3KHe MexKIy CO 

6oH. II]pumMenaAd K NOJIYYeHHBIM JaHHbIM BbIBeeCHHY! 


06 panee (?,°) dopmy.sy 
AF = — RT Ing, (2 


HaXOJMM CBOOOAHYIO 3HeprHIo aCOpOWMOHHOTO BBIfp 
02 TECHCHHA CHUPTa BOJOM C AaKTMBHOM MOBePpXHOCTH Ka 
‘ Tamu3atopa (cm. Ta6. 2). B Kkoopaqunatax lg z,—l/% 
(puc. 2) 9KCHepHUMeHTaJIbHbIe TOUKH pacMo/ararore: 
0 Ha mpaAmMou. Orcroya OblWwIM paccuHTaHbI H3MeHeHH:! 
TenoconwepxaHua AH u aHTponun AS mpu aycopoun 
OHHOM BbITeCHEHHH CNHPTOB TapaMH BOJbI C AKTHBHO!] 
NOBePXHOCTH KaTasIM3aTopa (cM. Ta6. 2). 
15 i6 7 TlockoubKy 


~ 


a eae 


Puc. 2. 3apucumocts lg 24 OT 
oOpaTHol aOcouOTHOH TeM- 
llepatypbl 

re Az, Aen, HU Aq, —KOHCTAHTbI alcOopOWMOHHOrO paB 
HOBeCHA, COOTBETCTBEHHO, BOLI, OAHOTO cnupTa H Apyroro cnuprta, 


TO = | (ai 


MU, CJICOBATeIbHO, aJCOPOMMOHHbIe KOS(PNUHEHTEHI CNUPTOB B  JaHHOM CJ; 
yae OJMHAKOBbI. OJMHAKOBOCTh aCOPOWHOHHBIX KOS(PPHUHEHTOB B CBOIO OYepe db} 
TOBOPHT O06 OJMHAKOBOH OPHeHTAalHA MOJIeKYJI HCCeOBaHHbIX CIMPTOB OTHO 
CHT@JIbHO AKTHBHBIX WeHTPOB MOBePXHOCTH kKaTaJu3aTOpa. | 

Ha OCHOBaHHH MOJIYYeCHHbIX HAMH OMbITHbIX JAHHbIX MOMKHO CielaTb 3aKJIIO 
yeHHe, UTO peaKUMA JerMvAporenv3alMH CNMpTa Ha OKHCHOM KaTaJIM3aTope } 
3AMeTHOH CTeMe€HH TOPMO3HTCA BOOK; MpH 9TOM aOcCOsIOTHbIe AaCOPOWMOHHBIt 
KOs*PUUHeHTEI BOA — CHMPT AVIA NepBHUHbIX CHHPTOB HOPMaJIbHOrO CTPOeHHS 
ABJIAIOTCA (PYHKUMeH TeMMepaTypbl H HE 3aBUCAT OT JVIMHBI YruepOqnoH Wenk 
cmupta. 


VWuctutyT opranuueckoH xumun uM. H. JI. 3enuucKkoro Tloctynuso 
AkajlemMun Hayk CCCP 23 VIII 1957 


UMTMPOBAHHASA JIMTEPATYPA 


10. K. Borgzauosa, A. A. Banaugun, A. Il. Wkeraosa, Mss. AH CCCP, 
OXH, 1957, 788, 795. *# H. Lund, J. Bjerrum, Ber., 64, 210 (1931); 56, 894 (1923). 
$3 A.A. Banaungun,O. K. Borgauosa, A. Il. Wleraosa, Hss. AH CCCP, OXH, 
1946, 497. *A. A. Banaugann, O. K. Borganoesa, A. I. Wleraosa, Has. AB 
CCCP, OXH, 1955, 723. ®5® A. A. Bananygun, JAH, 63, 33 (1948). 


Jloxkzann AkagemMmun nayk CCCP. 
1958. Tom 118, Ne 2 


PH3HTECKAA XHMH JI 


A. M. BAPIJABCKMM, ©. 9. BACMJIBEB, B. JI. KAPMOB, FO. C. JIASYPKHH 
uM. A. METPOB 


OB MSOTOMHOM OBMEHE MEXKAY FASOOBPA3HbIM BOXOPO]JOM 
HM TBEPAbIMM TOJIAMEPAMM TIPH JIEMCTBUM AJEPHbIX 
H3J1Y WEHHA 
(IIpedcmaeaeno axademuxom B. A. Kapeunoim 24 VI 1957) 


_ Kak ussecruo (!), B fipotlecce O6yYeHuA NOJIMMEPHEIX YrleBOLOpOAOB mpo- 
MCXOJUT BbIeMeHve Tas00Opa3HbIX MPOAYKTOB, COJep2xXaulNX TaBHbIM OOpa30M 
Boyopoy. IlpencraBiaer wHTepec BbINCHeHHe BOMpoca 06 OOparuMocTu cCoOT- 
BeETCTBYIOUIMX MpoOleccoB, T. €. BOSMOXXHOCTH BHEIPeHHA BOJOPOa 3 ras0Bou 
asbl B MOJIeCKYJIbI NOMMepa B Hpolecce oOnyueHua. Hamu mpeanpuusta 
| MOMbITKa BbIACHHTb STOT BOIIPOC C NOMOLLbIO MeTOa MCYCHBIX ATOMOB C HCMOJIb- 
30BaHHeM JlehTepua. M3yuancsa M30TONHbI OOMeH Mex Ly razoo6pa3HbIM JeliTepu- 
€M HM pa3JIM4HbIMH TBePALIMH NOJIMMepaMH B Ove H31YYeHUA AepHOrO peakTopa. 
Mccneqopaiucb cilelyioujve nowuMeppl BuHMOBOTO psa: 1) Tlomustunen; 
HeMMacTHPUUMpOBaHHbIN; WwienHka Tomo 0,1 mm. 2) Tlonumponusen; nosy- 
| WeH MeTOJOM KaTaJHTHYeCKOH nomMMepu- 
3auuu; T. na. I10—130°; nopomok. Ta6auna ft 
| 3) Mlomucrupos;nosyuer IMybCHOHHOK Mo- - 


° iS 
| JIMMepv3alnelH; T. Texyy. 175°; mopo- 2 cary 
wok. 4) JiupuHusOBbId Kayuyk; NowyueH 8 anes 
as o* : BenyecrBo = zag 
ONO4UHOH MoMMepHsalluei; Oe3 WoOaBoK So's 
‘AHTHCTapHTeJIA; MevIKHe KYCOUKH (2—3 Mm). 2 53,8 
5) IlomuMerTHIMetTakpuuiaT; NOyueH IMYVIb- = 
CHOHHOH TMOMMepu3alHel; MOpouoK. Tieraken 400 | 0,18 
Hasecku HMCCJICEHYEMBIX  TOJIMMePOB  Tlomunponusex 400 0,18 
(~0,6 r) BHOCHJIM B CTeKJISHHbIe aMNnywbl = Llonuetupon | 800 | 0,07 
--eMKOCTbIO 50—70 Mi, nocsle yYero aMMMyYJIbI Ausunusopplit KayayK | 400 | 0,06 
TlosumeTusimetakpHlat 50 0,02 


OTKauHBaIH, B3aNOJIHANH ra3s000pa3HbiM 
lelitepvem (~99,6%) Mu 3anauBaJN, OxaxKait UX pW 9TOM %KUAKHM BO3LYXOM 
(c UeubIO YBeEIMYeHHA KOMMUeCTBA JeliTepua B aMlywle). SanaAHHbIe aMMYVJIbI 
NOMelULaJIHd B KOP3HHKH H3 TOHKOH aOMHHHeEBO MpOBOJIOKN UM NosBeprau oO- 
_JIYYeHHIO B BOAHO-BOAAHOM peakTope. JIA YMeHbUICHHA paMaWMOHHOTO Ha- 
rpesa KaHaJI 3aIMBasIM BOOM Ha BHICOTY AaKTHBHOH 30HbI. IIpu MakcumMasbHOH 
udpepenuuatbHoh yo3e TeMMepaTypa BOJbI B KaHase He MpeBbiuiaa 60°. 

PacueTHO-paBHOBecHad KOHUeHTpallua eHTepHA B MO/IMMepe (T. e. KOHLeH- 
TpalluA, paccuuTaHHad MIPH YCIOBHH, YTO H3OTOMHbIM OOMeH OMe JO paBHo- 
BeCHA, a KOSPHIMeHT pacnpexeeHHA JelTepuaA Mexky cBa3aMu C—H u H—H 
NpHOJIM3HTebHO paBeH 3 (*)) B YCMOBHAX ONbITa COCTaBAAeT MpHONH3UTebHO 
5—7 mon. %. B ta6a. | yKa3aHo OOHapyxXeHHOe B JeCHCTBUTeEIbHOCTH CORepKa- 
Hue JelirepuaA B KaxKOM U3 TOMMepoB Nocse OOMyUeHHA. 

KonllenTpaliuio flelirepHaA B NOJIMMepe YyCTaHaBJIMBaJIM, C*KUTaA BeLLeCTBO 
B aTMocdepe KHCOpoya UM OMpeleAA C MOMOLMLbIO KallebHOTO MeTOJa (*) co- 
jep2Kanue [elirepua B Boe OT com «KeHHA. JIA KaxKMOFO U3 BellecTB NpOBOAMIU 
MapaJWIebHO MO YeTHIPe CO*KKeHUA. PesybTATbI Napa eMbHbIX H3MepeHHH He 
pasiuyanucb Ooubmie vem Ha 0,02%. B rada. | mpuBeyenbl cpeqHHe BeMUHMHE. 
AGOcouNOTHAA TOUHOCTH Kalle bHOFO MeTO Ja H3OTOMHOLO aHaJIH3a B MCCJIeYeMOM HH- 
‘TepBasle KOHWeHTpalmit Jelirepua (0,02—0,2 mon.%) cocrasuaer+-0,01—0,02%. 

Jina KaxkJoro U3 TOJMMepOB CHelHaIbHO OblwIO MOKa3aHO, 4YTO BHEepenve 
uelirepua we cBA3aHO Cc afcopOuMelH rasooOpasHoro JeliTepHa. Tlocrapenupre 
C€ 29TOM WebiO CeMbIe ONbITHI WOKa3aJIH, YTO B OTCYTCTBHe H3JYYeHHA evTepuA 
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B llovIMMepe He OOHapyxuBaercn. UroOni yOeqUTbCA B TOM, YTO NeHCTBHe HU31Y-|h 
yeHHA He AKTMBUPYyeT alcopOuu1o WeHTepHA Ha NOBEPXHOCTH MOJIMMepa, a BHED- 9 
peHne JelirepHxA OOycMOBMeHO H3OTOMHbIM OOMEHOM, OTIeJIbHbIC HABECKH KarKOMO jf 
W3 OOJYYCHHBIX BeIleCTB Mepe cox*wKeHHeEM JecopOupoBasH MyTeM OTKaYKH 
B Teuenue 10—20 uac. B BEICOKOM Bakyyme mpu 100—150°. Comepxanue jeliTe-|f 
pua B MomuMepe B pesyJbTaTe TakKOH ONepallMH He H3MeHAJIOCb. 
Ha6moxaemple acppekThr OOycOBeHbI, OYCBHIHO, XHMHYCCKHM B3aMMOJeH- |p 
CTBHEM M@2K]Y MOJIeKYJaMH NOMMepa VM MOJI€KYJIAPHbIM LeHTepveM, MpOTeKalo- 
IMM TO, WeHcTBHeM H3J1Y4eHHA, MOCKOJIBKY B OTCYTCTBHe H3J1yYeHHA M3OTON- 
HbIi OOMeH BOJOPOa B YKa3aHHbIX YCOBHAX, KaK H38BeCTHO, He HaOulOfaeTcs. & 
V3 uccieqOBaHHbIX MOJIMMepOB HaHOosIbIlee KOJIMYeCTBO JeHTepHA BHEeI-F 
pus0cb B NOMHSTHIeH MB TOmMMponuseH. HeckombKo Goslee MeJJICHHO OOMEH jh 
MpOWCXOAMT B Cyuae NOMMOyTayqMeHa WM NOMMCTUpOa, TOra Kak B MOJIMMeTHJI- jh 
MeTaKpHJlaTe MpH3HaKOB OOMeHa OTMETHTb He ylalocb. Bce yeTpipe NoJMMepa, & 
JIA KOTOPBIX Obl OOHAPY2KeH OOMEH, MpHHasVexKaT K BeLIeCTBaM, NO/Bepralo-h 
IMMCA CLIMBaHHio NOX JelicrBuem u3smyyeHuA. B HacTostlee BPeMA IA NOJH-|h 
39THJIeHa IPHHAT Me€XaHH3M, COrlaCHO KOTOPOMY 93TOT Mpollecc Her Yepe3 CBO- 
60RHbIe pasuKaJibl, HaNpHMep 
R — CH, — Ry ~~ R— CH — R, +H- | 
BnoaHe BepoxATHO, UTO BHeEApeHne eHTepHA B NMOJHMep B HaleM cyyae fr 


TIIpOMCXOAUT B pe3yJIbTaTe peakKUMH Mey NOJMMepHbIM PpawuKaJIOM UH mMouie- If 
KyJOH euTrepua: 


Roe Ds »RD-+D, (Ip) 
RH +D + R+HD (ID) B 


wv T. . PaBHOBecHad KOHILCHTPallMA pacTBOpeHHoro AeHTepHA B MOMUMepe HMeeT 
nopanok 10% mosmb/r (*). Tlostomy MexaHu3M, Ip KOTOPOM HauaJlbHas CTa- fi 
MA COCTOMT B MpeBpamenuu D,—-D -+ D, MeHee BepoaTeH, 4eM MeXaHH3M & 
(1)—(1I). Cnenyer oTMeruTb, TO ONBITHI MPOBOAMJIMCb B PeTePOTeHHBIX YCJIOBHAX, | 
B CBA3H C YM KOJIHYeECTBO JeHTePUA B MOJIMMepe HE MOXET CILYRUTb OTHOSHAUHOL | 
XapaKTepHCTHKOH BePOATHOCTH MmpoTekaHua mpolecca (1)—(1I). Oguaxo Bf 
TepBOM MpHOIW2KeHHH TaKylO CBA3b BCe K€ MOXKHO MPHHATb, YTO NO3BOMAeT § 
CelaTb H€KOTOPbIe KAaueCTBEHHbIe BbIBOJIBI. 

He uck0ueHO Take, YTO HaOJOaeMoe BHEepeHke JeliTepuA B MOJIeKy Jb} 
MOJIMMePpOB OOYCJIOBJIeHO B KaKOH-TO Mepe H30TOMHbIM OOMeHOM MexKy ra3o- 
OOpasHbIM jelTepHeM H CBOOOJHBIMH payuKasamu. Takoro poja oOmeH B ra3o- 
BOH (pase H3yyasica BoesoxckHM Cc COTpyAHHKamH (°). 

CpaBHeHHe KOJIMYeCTBAa JeHTepHA, BHEAPeHHOTO B NOJHSTHTEH MB MOMOyTa- } 
(eH, MOKa3bIBaeT, YTO MIPHCOeMHHEHHA BOROPOAa NO ABOMHbIM CBA3AM, MO- § 
BUMMOMY, He MpOuCxOMNT. CpaBHHTeJIbHO C1a6bIii OOMeH, B CyY¥ae NomUcTUpOosa 
MOXKHO OOBACHHTH eFO BHICOKOM palWalWOHHOH CTOHKOCTbIO, T. @. Ma@JIbIM BbIXO- 
OM payHKavJos. 

OrcyTcTBve OOMeHa B MOJIMMeTHJIMeTaKpHaTe MOKeT OBITb CBASAHO C TEM, 
yTO OOpasyloulMeca PaluKaJIbl HE MOrYT NPHHUMaTb yuacTHA B peakuun (I) 
BCJI€ACTBHE CTEPH4eCKHX 3aTPYMHEHHH, OMHAKO HE HCKJIIOUeHO, YTO OHO OG6yc- 
JOBeCHO HeOcTaTOUHOH O30 oOb6myyueHHaA. 


Tlocrynusio 
24 VI 1957 


WMTHPOBAHHASA JIMNTEPATYPA 

‘ a) B. JI. Kap mos, Cecena AH CCCP no mupHomy ucnomb30BaHMt0 aTOMHOM aHeprun 
5 moa 1955 r., Orem xum. Hayx, U3q. AH CCCP, 1955, erp. 11. 6) W. A. Merpos, 
B. JI., Keacp io B,. Dp. 1 Coseul. mo pagwauMonHoti xumuu, VH3z. AH CCCP (8 neuartn). 
.M.BapmascKxk H i, C.9. Baiic6epr, JAH, 100, 97 (1955); KX, 29, 523 (1955). 

$ MW. Warexmteiu, A.M. Bapmasckuti, ypu. aman. xum., 11, 746 (1956). 
*R. M. Barrer, Trans. Farad. Soc., 35, 628, 644 (1939). ®° B. B. Boesonckuh, 


Cpodsoyuble payvKasibl B WeNHbIX Ta3so0BbIx peakunax. JloKTopcKaa wuceepranua, UX® 
CCCP, M., 1955. P P quceeprauua, UXO AH 
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Woxnaye AkaqemMuu nayr CCCP 
1958. Tom 118, Ne 2 


PHSHYECKAA XHMHA 


H. H. PPA3EB 
AJCOPBLMA U3 TPEXKOMMOHEHTHbIX PACTBOPOB 
(IIpedcmaeaeno axademuxom M. M. Jy6ununeim 1 VII 1957) 


B saurepatype wMeetcaA Ooubuloe KOMMUeCTBO paOGOT NO H3yYeHHIO afcopo- 
aM U3 OMHAPHbIX PacTBOPOB pa3JIMYHbIX OpraHM4YeCKHX BeLeCTB Ha pa3Hoo6pa3- 
| HBIX acopOeHTax. SHaYHTeMbHO CIO2%KHee H3y4eHHe TPOMHbIX CucTeM. B HemHOro- 
“QUCJICHHbIX OMYOJIMKOBAHHbIX HCCJIEMOBAHNAX MPMBEMeHbI JIMUIb OTesbHbIe TOU- 
KU, MpeHMYULeCTBeEHHO TIpH HeOOJIbLIMX PaBHOMePHbIX KOHWeHTpalluax (} 8). 
Ilpu 3ToM KOHIeHTpallMA OMHOTO H3 KOMNOHEHTOB CMeCH M1paKTH4eCKH OCTaBa- 


ach MOCTOAHHOH. 


C oO 
yy 


eet panes 3c00H) V 
WA 
6 / 
pane a 
scan anil | 
al tep y |S | PT Ly) fi 
oo | a | 
MANTIS 
Il i ‘I a N 
aa Ng | +N 
EAI 4 UT ~~ SO 
K nl | " \ : SNUB eo 
A Ail a “ ag Fe Sot nak F S r ue 
100 l sal < 
AP aly Se [ides F Y 


$00 


mM /n 
C3(CyHygC00K) = 7 
Puc. |. pocrpanctseHHad us0TepMa acopOWMn yKCyCHOLi KHCJOTEI H3 Tpoii- 
HOM CMeCH: ykKCycHad KHCioTa — JaypHHOBadA KuCoTa — eTaH. CBeTsple 
Kpy2KKH — aJ[copOlMaA yKCYCHOli KMCOTHI M3 WeTaHa, HallOJIOBMHY sauepKHy- 
ThIe KpPyXKH — alcopOuHA yKCyCHOli KUCMOTHI H3 TpOHHOli cMecu 


Hamu cuaAtTpl H30TepMbI alcopOWuMH TpOMHbIX CHCTeM B IWHPOKOM HMHTepBawe 
KOHILCHTPalld HM NOCTPOeHbI MpOCTPaHCTBeHHbIe H3OTEPMbI aNCOPOUMH STHX CHC- 
Tem. B qaHHolt paOoTe MpHBeseHb! pesyJIbTAaTbI NO alcopOluuu 43 TPeXKOMMOHEeH- 

O17 


THOM CHCTeMBI: YKCYCHas' KUCHOTAa — JaypwHOBaA kucuoTa — WeTaH. B KayecT— 
Be allcopOenTa Oba UCMOIb30BaHa OHA: M3 HavOoJIee AKTHBHBIX BOJIAKCKUX ONOK 
(Ne 120 u3 pafiona c. Kamenuprit Ap, CranuurpagcKou 06.1.) (*). Hopepxuoctb ee, 
onpeleieHHad Ha rpaBuMeTpHyueckOH YCTaHOBKe MO aXcopOlMn MapoB MeTaHOJIa, 
OKasamacb paBHoli 150 m’/r. Lleran u ykcycHad KUCHOTA NOABeprasHCh OYMCTKE 
(cm. (*)). JlaypuHoBaad KUucOTa HMela TemMepaTypy MlaBJeHuA 43—44°. Ajo 


C 


/ (u) 
mM/e | %3C4HogC00H) 


MM /2 
Co(CutygC00H) =p 


Puc. 2. IpocrpancrnenHasd u30TepMa acopOuNu JlaypHHOBOH KHCOTHI H3 TPOMHON 
cmecn. CpeTuible Kpy2KKH —aflCopOluaA JaypHHOBOH KHCJIOTHI 43 WeTaHa, HaloJo- 
BHHY 3a4e€pHCHHble Kpy2XKU—aJcopOuHA JaypHHOBOH KHCJOTEI M3 TpoLHOH cMecH 


COpOMMOHHbIe OMBITHI NPOBOAMIMCh NO MeTOAMKe, NPHHATOM B JMaOopaTOpHH az 
cop6unu MITY (°). 

Bosbiwioe BHUMaHHe ObIIO yleeHO aHalv3aM TPEXKOMNOHEHTHBIX CMecelt. 
B cBa3u C TeM, YTO C NOMOLLbIO HHTepPepOMeTPa MOXHO aHaJIM3HPOBAaTb TOMbKO 
OvHapHble CMeCH, HaMM Oblla paspadoTaHa CielMasibHad MeTOHKa aHallu3a 
BbIIMeyKa3aHHo TpouHOH cmMecH. IIpu paspaooTKe MeTOAUKH aHasiu3a Oblia HC- 
MOJIb30BaHa Pa3JIMUHAaA PaCTBOPHMOCTb KOMIOHEHTOB CMeCH B BOJe. YKcycHaA 
KUCJIOTA NOJHOCTbIO Ne€peXOMNT B BOJHIM COM, a PAaCTBOPUMOCTb B BOJe WeTaHa 
WM JlaypHHOBOH KHCJIOTbI HaCTOJIbKO HHYTOKHA, YTO MPaKTHYeCKH He BJIMAeT Ha 
MokasaHunA TakorO UYBCTBUTeIbHOrO MpHOopa, Kak uHTep@epometp. IIpousse- | 
JeHHOH MpoOBepKOl OblIO MOATBeEpxXTeHO TaKxKe, UTO HH WeTaH, HH JaypHHOBaA 
KUCJIOTa He PaCTBOPAIOTCA B BOMHOM pacTBOpe YKCYCHOH KHCJIOTLI B MHTepecyto- 
muleM Hac HHTepBalie KOHUeHTpauni. Tloce pala yTOUHeHHH aHaJIM3bI MpOBo- | 
JWMUIMCb ClelyrouluM OOpasom. K 5 Mu ucculesqyeMol cMecH pu6aBaAOcb 25 MI 
JMcTHJIMpOBaHHOlt Bob. TlomyyeHHas CMecb BCTPAXHBaaCb Ha MeXaHHUeCcKOH | 
MelliaJIke pH KOMHaTHOH Temnepatype B TegeHHe 30 MUHYT. 3aTeM BOLHEIM con 
OTICNAIICA, WEHTPHPYrHpoBaJICA UM COfep2xaHNe B HEM YKCYCHOM KUCIOTHI ompe- * 
JeAOCb Ha HHTepdepometpe MTP-2. Coxepxanue aypHHOBO KMCJIOTHI B 
meTaHe ocJie WeHTpHyrupoBaHUuA OlpefeAOCb Ha HHTepdepomerpe. 

Ha pune. | ipuBeseHa mpocTpaHcTBeHHad H30TepMa acopOmMu yYKCyCHOL KuCc- 
JIOTHI H3 TpOMHOM CMecH yKCycHasd KHCOTa — JaypMHOBaA KuCNOTa — WeTaH. 
Ha nuocxoctru CAB u306paxkena u30TepMa alcop6uuH yKCyCHOi KMCJIOTHI 43 
eTaHa (B OTCYTCTBHe JaypHHOBOH KuCOTH). MuTepnpeTalua BouwHOOGpasHOrO 
XapakTepa STOM KPHBOM IIpHBeAeHa HaMU B Mpebilyuieli padore (*). IIpucyter- 
BUe JIAYPHHOBOM KUCJIOTHI OKAa3bIBaeT OOJIbWIOe BIMAHHe KaK Ha BeJIMUMHY al- . 
copOuMH, Tak HM Ha (opmy usoTepm (mpu Cz = const unu Cs = const). Toukn, : 
pacnoOJIO*KeHHble B MpocTpaHcTBe, OrpaHHueHHOM KoopsuHaTamu ABCD, noxa- 
3bIBalOT BeIMUNHY agcopOunu X yKcycHol KHCIOTHI 43 TpolHon cmecu. Tpmn - 


alcopOunn ofHoH CH;COOH u3 werana HIM B NpucyTcTBUM HeOOubIUMX KOUN- | 
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ecTB. = C,,H»3;COOH » (npu’ C;<100 MM/in) usorepmur~umetot S-o6pasHbtit 
apakTep (orpanHwueHHo pacTBopumaa cuctema). IIpu Oompumx 3HaveHuax 
3 H3y4aeMadA CHCTeMa CTaHOBUTCH HeOrpaHHyeHHO pacTBOpHMOM HM H30TepMa 
pu Cs = const) npoxogur uepes Maxcumym. Ilo mepe yBenuuenua paBHOBeCHbIX 
OHIeHTPallnl JaypMHOBOL KUCJOTHI aqcopOuuA CHU>KAeTCA — OCOGeCHHO:CHIbHO 
pu C; = 100—200 mM/a. 

C 


BY ye Ke HL y;: 9 


mm) 
* ay 
< \2cex,coon) 
Sl = we 


cath 


Dive 


Osesrsral, 


b 
S 
A= 
~— 
= 
= 
] 


£3 (CyyH,COOH) 


Puc. 3. IIpoctpancTpenHaad Ms0TepMa ajicopOluu ykKcycHol WM JaypvHOBOl Ku- 

COT H3 TpoliHoli cmecu. CseTuble Kpy2%XKW — afcopOlusA yKcyCHOH KMCAOTH 3 

WeTana, MepeyepKHyTble Kpy2XkH—afcopOuNA MaypHHOBOM KUCHOTHI M3 WeTaHa, 

HaNOJIOBAHY 3a4¥epHeHHbIe KPpy2KKH —acopOuMA yKcyCcHOl M JaypHHOBOli KuCHOT 
u3 weTaHa 


Ha puc. 2 npuBefenbl 3HayeHud X§” aa Tou xe Tpolivof cmecu. Ha muo- 
KoctH CAD waHeceHa u30TepMa aCOpOMMH JaypHHOBOH KHCJIOTHI “3 WeTaHa 
3 OTCYTCTBHe yKCyCHOM KucOTHI). Tak Kak JlaypHHOBasd KHCOTa HeorpaHH- 
eHHO paCTBOPUMa B IleTaHe, TO H30TePMa MpOXOMT Yepes MAKCHMYM C NoceLy10- 
IMM MeJWICHHbIM MaweHuem. TouKH, pacnoJioxKeHHble B MpocrpaHcTBe, orpaHu- 


eHHOM KoopyuHaTamu ABCD, noKasplBawoT BeMYMHYy alcopounn KE? Jay pu- 
OBOM KUCJIOTbI M3 TpowHOH cmecu. AjcopOuuA MaypHHOBOM KUCJIOTEI MpH He- 
OJIbIUMX 3HAYeHHAX Cy U Cy JOBOMbHO ObICTPO laflaeT, HO 3aTeM MO Mepe yBeuIH- 
eHuA C. mpH C3 = const acopOuna axe BO3pacTaeT 3a CUeT YMEHbUICHHA ajl- 


pOunU yKcycHol KucHoTHI (cM. puc. 1). pu Cy = const sHauenus ce mIpo- 
OMAT Yepe3 MAKCHMYM HM COXpaHsAeTCA TOT %Ke XapakTep UsoTepM ajcopOuHy, 
aK UB OTCYTCTBHe YKCYCHOM KUCJIOTHI. OWHAaKO MoOsO%KeHNe MAKCHMYMa Ha Kax- 
oH H3 USOTeEPM HUDKe, 4eM B CJLydae aCOpOMMN OAHOM JaypWHOBOH KUCJOTHI. 

Ha puc. 3 npuBeyeHa u30TepMa aycopOuMu OOeHX KHCIOT U3 TpOHHOM cMecH. 


0 ocu AC orsoxKeHbI CYMMHpOBaHHble 3HaueHHA X wu X$?. Ha maocKocrax 
AB u CAD naneceubl, COOTBETCTBEHHO, H30TEPMb! aCopOWuHH yKCyCHOH u Jlay- 
HHOBOH KUCJIOT U3 OMHAPHbIX CMeceli Cc WeTaHOM. OOmMH xXapakTep u30TepM 
IcopOuun mpu C, = const umm C,; = const ocTaeTcH Ka¥eCTBeHHO TaKHM xe, 
aK UM Ha puc. 1. STO OObACHAeTCA TeM, YTO ANCOPOWMA yKCYCHOM KUCJIOTHI NO 
30€li BEMMUMHE 3HAYHTeJIbHO MpeBOCXOZUT alcopOunlo JaypHHOBOM KUCJIOTHI. 
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Ha6mojaetcad avaslorMuHoe H3MeHeHHe XapakTepa H30TepM (pH Cs = cons) 
v3 S-o6pa3Holt (orpaHH4eHHO pacTBOpHMas CHCTeMa) B H3OTepMHI, NPOXxOLAUt 
yepe3 MaKCHMyM (HeOrpaHHyeHHO pacTBOpHMas CHCTeMa). 

Takum o6pa30M, HaMH u3y4eHa aCOpOWMA H3 TPEXKOMMOHEHTHBIX pacTBOPC 
B WMPOKOM HHTepBasle PaBHOBeCHBIX KOHI[CHTpallM HW MOKa3aHO, 4TO B3aHMHC} 
orpaHiuenhe B acopOWMu BCeX KOMMOHEHTOB CMCCH OKa3bIBaeT BJIMAHHE KaK B 
BeIMUMHY, TAK WH Ha XapakTep H30TepM afcopOuHH. 

AsTop BbIpaxkaeT pu3HaTeibHocTb mpod. A. B. Kucesesy 3a WeHHbIe COBK) 
Tbl H MOMOULb B padoTe. 


MockospckuH TocyapcTBeHHbIM YHHBepCHTeT Tloctymuuo 
um. M. B. Jlomonocosa 29 VI 1957 


UWHTHPOBAHHAS JIMTEPATYPA 


1H. © EpmMoaeuxko, Has. AH BCCP, 8, 229 (1949), ~G: Papps, D. F) Om 
mer, Ind. and Eng. Chem., 5, 430 (1944). ®H. H. lipases, C. M. Paxoscxkas 
COopH. »: Koncbepesunu mo alcopOuuu npu MIY, 1957, crp. 196. *H.H.f pa3es, JAF 


118, Ne I (1958). 5& A.B. Kuceacs, HU. B. UluKkanosa, MKOX, 30, 94 (1956). 
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Horuage Akagemun nayr CCCP 
1958. Tom 118, Ne 2 


PH3SHTECKAA XHMHA 
| JI. M. JIMTBMHEHKO u Jl. M. AJIEKCAH]POBA 


BJIMAHHE KHMCJIOTHBIX JOBABOK HA KMHETHKY PEAK 
ALWMJIMPOBAHHA APOMATHYECKOFO AMYHA B HHEPTHOM 
PACTBOPHTEJIE 


(ITpedcmaeaeno akademuxom B. H. Kondpamoesoim 16 VIII 1957) 


M3yuenve OJHHM H3 aBTOpOB HaCTOSeH paOoThl KMHETHKM peakIMH allMH- 
OBAHUA PAA APOMATHYCCKUX AMHHOB C LleJIbIO BLIACHEHHA XapakTepa BJIMAHHA 
4 UX PeaKIMOHHYIO CMOCOOHOCTb IIpOCTpaHCTBeHHBIX (pakTopoB (°°) noKa- 
WO TAKIKE, UTO 9TA PCAKIMA YYBCTBUTE/IbHAa K Cpeye. YUNTHIBAA, YTO NOCMeLHEe 
ICTOATEJIBCTBO MpeAcTaBAeT HHTepec AVIA TEOPHH HM MpakTHKH OpranuyeckoH 
MMMM WU MpHHHMax BO BHHMaHHe TO, YTO C yKa3aHHOW TOUKH 3peHHA peaklua 
IMJIMPpOBaHHA, HaCKOJIbKO HAM H3BeCTHO, elie He H3y4alacb, MbI NpeAIpHHAIU 
ccleqOBaHHe JaHHOro BorIpoca. B HacTOALeM COOOWIEHHH H3JaraioTCca pesysb- 
1TbI HSYYCHUA BIIMAHHA MaJIbIX JOOaBOK OeH3OHHOM KHCJOTLI Ha CKOPOCTb peak- 
AM allMJIMpOBaHHA aHHJINHa OeCH3OMJIXJIOPHOM HW OeCH3OHHBIM AHTHApHOM B OeH- 
WIbHOM pacTBOpe. OKCIePHMeHTabHaA MeTOANKa ONMCaHa B paoorTe (?). 

YcraHoBleHO, YTO peaKIMA allMJIMpOBAHHA apOMaTHYeCKHX AMHHOB XJIOp- 
IHApHaMu HW aHrHApHaMW OpraHuuecKUX KUMCJIOT MpoTeKaeT NO CeLYIOUMM 
3yM CXeMaM: 

RCOC] + 2ArNH: 


(RCO),0 + ArNHe 


+ RCONHAr + ArNH;-HCl (A) 
— RCONHAr + RCOOH. (B) 


CH allMsMpoBaHHe XJOPaHTMApHAOM aHMJIMHa M ero MpocTeliwiMx MpousBol- 
1X BeleTCA B HHEPTHOM pacTBOpHTee, TO, KaK NOKa3aHO JQ6euem (°) u XUH- 


if 


% 6 70 
5 3 2 
- 70 4 / a 
N Ne 
‘G : 
S $9 
a 
SH = 
0 
60 120 180 Lhd mur, 60 160 300 420 Mun 
Puc. 1, Kuneruueckue Kpupble peak- Puc. 2. Kunetuueckue KpHBble peakUHu 
WMH aHusMHa Cc OeH30HXOpHOM npH aHHJIMHa C 6eH30HHBIM aHTuypHyoM mpH 
pasMuHIx m: 0 (1); 0,0025 (2); 0,005 pasiuaHErx m: 0 (1); 0,001 (2); 0,0025 
(3); 0,025 (4); 0,05 (5); 0,1 (6).a= (3); 0,005 (4); 0,01 (5); 0,05 (6); 0,1 (7). 
=" O;00125:" 6 — 0)0025"% =" 25- 6 ==] OOle = Ys 


€JIbBy0M c coTp. (7 ?°), BbIqemmoladcA B HavaJIbHOM CTaqMM peakUHH MOve- 
yna HCl caa3sprBaerca TOTYaC 2%Ke BTOPOH MOJIeKYyOH aMHHa Cc OOpasoBaHveM 
BEPIICHHO HepacTBOPHMO HM NOJIHOCTbIO HepeaKIMOHHOCNOCOOHOH MO OTHO- 
eHuIO K allumupyioulemy areuty cou. UroOnt yOequTbcA B TOM, TO TOJIbKO 
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comeo6pa30BaHHeM, a He MIOXOM PaCTBOPHMOCTbIO COJIM B OeH30JIe, 30,eCb o6y, 
JOBMeHa MOTePpA PeaKWMOHHOH CHOCOOHOCTH, MBI HCCeMOBasIM KMHETHKY allMJlg 
popanusa 4-amnno-4’-nuTpo-2,2’-Zuu3sonponoKcnOudenuaa (*) 4 ero xoprugpan| 
XOPOIO pacTBOpHMOrO B OeH30/Ie. OKa3asIOCb, YTO KOHCTaHTa CKOPOCTH allMsG 
PpOBaHHA (N-HUTPOGeH30HXOPHOM) COM MpHMepHO B 20 pas MeHbILe, 4G 
camoro amuua (k,, paBHbt 0,0024 u 0,0451 1/Momb-cex). Mrak, coJlaHad KUCAO') 
jlelicTByer Jle3aKTHBUPYyrolle Ha CNOCOOHOCTh apOMATHYeCKOTO aMHHa K all 
poBaHuio. 

Ha pune. | 4 2 noKkasaHo *, uro Mp alWJIMpOBaHHH aHMJIMHa Kak OeH30Ng 
XJIOPHIOM, TaK MW OeH30UiHIM aHTHpHOM CKOpOCTbh peakI\wM NOX BJMAHHG 
o6aBoK GeH30MHOM KHCOTHI 3aMeTHO Bo3pactaer. M3 cxempl B culeqyer, 
6eH30iHaA KUCIOTA BbIeAeTCA B XOJe CaMOro Mpollecca allMJIMpOBaHHA OeH30¢ 
HbIM aHTHApHyOM. Takum 06pasoM, B YHCTOM GeH30se 9Ta peakUMA Jo«KHA Obr § 
apToKaTauTHyeckol. VU pelicrsuTedbHO, KpHBax / Ha puc. 2 umeet S-oOpa3uHy| 
(bopMy, 4TO XapakKTepHO Jia aBTOKaTalu3a. Hamuune yxKe HeOOJIbIIMX KOJI § 
yecTB 6eH30HHOM KHCJIOTHI B HavaJIbHOH CTaMH Mpolecca allWJIMpOBaHHA Tpit 
BOUT K NOJaBJIeHHIO aBTOKaTaJIu3a**; 3TO HarIAHO UJIJIOCTpHpy!roT Py 
KPHBble pc. 2. 

Ilpuuuua cTOb pa3siM4HOrO eHCTBHA COJIMHOM MW OeH3OHHOH KUCIOT 
CKOPOCTb allMJIHpOBaHHA, TO HallleMy MHeHHIO, BepOATHee BCerO 3ak/OUaeTH 
B TOM, 4YTO YKa3aHHbIe KHCJIOTHI MO-pa3HOMY B3aHMOJCHCTBYIOT C AMHHOM B Oeil} 
30JIbHOM pacTBope. B TO BpeMA Kak COJIAHAA KHCOTA MepeBOHT aMHH B MaJid 
PeaKUHMOHHOCHOCOOHEIN MO OTHOLIECHHIO K all\HJIMPYIOUIMM areHTaM KaTHOH, Oeil) 
30HHadA KHCIOTa C APOMATHUCCKHM AMHHOM He JaeT HOHHOTO COeMHEHHA, B Pie 
3yJIbTaTe Yero a30T AMHHOFPYNM! B NOCeHeM CJlyuae He NepexOUT B veTHIpPes 
KOBAJICHTHOE MOJIOKUTEMIbHOe COCTOAHHE, YTO UH OOYCJIOBMMBAeT 3feCb BbICOKY: 
peakUMOHHYy10 cnocoOHocTb amuHa. IloxTBepxkyeHHe TOMY, 4TO apOMaTHYECKE) 
AMHHbI OOPa3YIOT C COJIAHOH KHCOTOH WH OpraHH4YeCKUMH KapOOHOBbIMH KHCJIC 
TaMM COCJIMHEHHA IIPHHUMMHMabHO pa3JIM4HOTO THINa, MOXKHO HaliTH B pa6doi) 
I]. I]. Woppruva u A. X. Xanunosa (34) (cp. (2°)). \ 

IIpegqcTaBaIO WHHTepec BbIACHHTb, B KaKOH KOJIMYeCTBEHHOH 3aBHCHMOCT 
HaXOJUTCA CKOPOCTb peaKkIHH allMJIMpOBaHHA OT KOHIeHTPalluu HaxOaueroc 
B pacTBOpHTe/e KHCIOTHOLO KaTalusatTopa. JIA cryuand allHIupoBaHHuA GeH30n, 
XJIOPHOM Mpoule BCerO MIPHHATb, YTO CKOPOCTb PeaKIHH B OeH30/Ie, comepx 


eM Dee Le IOIS: ONHCBIBaeTCA CJICXYIOULHM ypaBHeHHeM: 

— ee = ky [ArCOCI] [ArNH,] + k, [ArCOCI] [ArNH2] [ArCOOH], ( 

rae ky U ke KOHCTAHTbI CKOPOCTH, COOTBETCTBEHHO, HeKaTaJIMTHYeCKOH Hu cot 

CTBCHHO KaTaJIMTHYeCKOH peakWui. Orcioya cmeqyeT, uTO HaOmoJaeman KOEI 

CTaHTa CKOPOCTH CYMMapHOro mpolecca paBua: 

k=k,+, km, (24 

rye m — avalMTHYeCKad KOHMWeHTpallua OeH30HHOH KUCIOTE. SIcHO, ¥TO BEIpal 

*euve (2) OyfeT CNpaBeMIMBEIM HM WWIA Cy4ad allMIMpOBaHHA OeH3OHHBIM ak 
THApuAOM, Kora BeIH4HHAa mM CTaHeT JOcTaTOUHO G6oubIUIOn. 

Corsacuo (2) Mexky KOHCTaHTOH CKOPOCTH allMJIMpOBaHMA HM KOHTeNTpalMe 
6eH30HHOH KUCJOTH AOJKHa HaOMOLaTbeA JIMHeiHaA 3aBHCHMOCTD, uero, op 
HakO, OMbIT He NoATBepAuN. EcTb Bce OCHOBAHHA CUHTATh, YTO MpHYHHA HecoGsIC| 
JeHHA JIMHCHHOH 3aBHCHMOCTH B JaHHOM CJly4ae 3aKMOUaeTCA B TOM, 4TO Kap6c 
HOBbI€ KHCJIOTHI OONaaioT CBOHCTBOM accOlMupoBaTbcs B AuMepEt. Ilomaraa, un 
OeHs0liHad KUCOTa OOHApYXUBAeT CBOH KaTaMUTHYeCKHH sdpekT r1aBHbIM O06 


* 

Ha puc. 1—4 npumenenst crenyroulne o603HaueHns: a, b wm — ucxoHBIe KOHIeCHTpalluy 

ba cag allMJIMp yloulero areHta, aMMHa HM OeH30liHOl KUCMOTHI B Mos/; t — Temmepartyp| 
** 

CkopocTb alMJIMpoBaHusa OeH3OHNXOPUOM Kak B UMCTOM OeH30ue,.TaKH B IIpHCyTCTBH: 
pacTBopeHHOlt B HeM OeH3OHHOM KMCAOTbI XOPOIO NosuMHAeTCH OUMoMeKyAApPHOMY 3akoHy 
OTo *Ke UMEET MECTO H WIA allMAMpOBaHHA CeH3OLiHLIM AHTUAPUAOM MocHe Toro, KaK aBTOKaTaIu 
MOMaBJICH NOCTATOUHBIM KOJIHYECTBOM OeH3OMHOH KHCMOTSI (IpHOAMSHTebHO Mocse ee KOHIEHTPa 
Wuu, papHoli 0,005 moa/n). 
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)a30M 3a CYeT CBOeH MOHOMepHOH COpMBI, MBI Ha PHC. 3 us06pa3usH 3aBHCH- 
HOCTb KOHCTaHT CKOPOCTH allMMpOBaHWA Kak 6eH30HIXJOPHAOM, Tak u OeH- 
;OHHBIM AHIMAPHAOM OT KOHIeHTPalWM HaXOMAUAXCA B 6CH30/IbHOM pacTBope 
MOHOMEPOB, PaBHOH ma, Te » — CTeneHb MUCCOMMALMM MMepoB Ha MOHOMeppI*. 
Tenepb B oGonx culyuanx 9KCIePHMeHTAaJIbHbIe TO- ! 
KH BIOJIHE YAOBJIETBOPHTEbHO JOKATCH Ha Ips- 

y1o. CilefoBaTebHO, UTOOB AIA allumMpoBaHHsA 43 

AHWJIMHAa OCH3OHJIXJOPUOM H 6eH3OliHbIM aHrHy- 


DMJOM ObIIO cnpaBeLVIMBEIM cooTHOMeHHe (2), B 


SIEM HEOOXONMMO aHaJIHTHYeCKYIO KOHIeHTpa- ad 
liu10 GeH30fHOH KUCNOTH 3aMeHUTD KOHIe€HT- He 
pallveli e€ MOHOMepHOH cfopMpI, T. e. 905 
k=kj +k.ma. (3) y 

J\1MHbI OTPe3KOB, OTCeKaeMbIX TIPAMBIMH Ha 
OCH OpMuaT Ha pwc. 3, NOM KEI YMCIeEHHO CoB- y 
ialaTb C BEMUYMHOM KOHCTaHTEI CKOPOCTH HeKa- 
aIHTHUeCKOH PeaKIMH. ITO xOpomio wOCTpH- SOU IS GMO Hb 


NA ———~ 


IpyeTCH JaHHbIMM WIA peakUMH allMMpoBaHust 
OeH30H/IXs10 pUOM(KpuBas 1), Tak Kak 3yfecb Kon- Puc. 3. slab eeetiee oy a TIpH 
cTaHTa CKOpocTH HeKaTasuTHYeCKOl peakUMH uO) Be AER eae 
M3MepxAeTCH HenocpescTBeHHO  (k,,2 = 0,0700 raipunom (2), f= 25°. Cnena 
/MOJI «CeK). V3-3a aBTOKaTaJlH3a KOHCTAHTY CKO- mo OCH OpdHHAT — 3HaveHHA k 
DOCTH HeKaTaJIMTHYeCKOH peak JIA allMupo- gaa 1, cnpapa — gua 2 
(BaHHA OCHSOHHEIM aHTHApHAOM MpAMBIM IlyTeM 
onpefeIMTb HeJIb34, HO OHA JI€TKO HAXOMUTCA C NOMOMIbIO KpHBOH 2 HM paBHa 
0,000816 1/moa-cex. M3 ranrencos yrioB HaksIOHa IIpAMbIX Ha TOM xe pH. 3 MO- 
2KHO BbIUHCJIHTb BeEJIMYHHY KOHCTAHTbI CKOPOCTH co6- 
40 CTBeHHO KaTaJIMTHUeCKOH peakUMH. SHaueHHA 9TOH 
BEJIMUHHEI JWIA alMJIMpOBaHHA OeH3OHJIXJIOPHOM U 
a, 3a 6eH3OHHbIM AHTHAPHOM COOTBECTBEHHO paBHbl 22,3 H 
2a 9,86 (B JI*-MOJIb?-cek). 
7) M3 puc. 4 BUAHO, YTO IPH allWIMpOBaHHH aHHJn- 
Rear Ha Oe€H30MJIXJOPHAOM TeMMepaTypHad 3aBHCHMOCTb 
KOHCTAHTHI CKOPOCTH CTPOroO NOMYHHAeTCA YPaBHeHHIO 
Appenuyca, ecIH peakIMA MpOXOAMT B YMCTOM OeHs0- 
je **, Korgla xe pacTBOPHTeIb COJepxKUT OeHs0HYyIO 
pgeict KucoTy, TO Mexyy logku1/T saMHehHOrO coOoTHO- 
n menus Het. Tlocmemnee HeTpyHO OODACHHTb. Samu- 
IeM BbIpaxkeHue (3) B HECKOJIbKO HHOM Buse: 


20 1a 
20 
0080 


IPuc. 4. 3apucumocts log k 


oT 1/T npu aluauposannu as _FJRT Nee: i 
|aHvIMHa OeH30H1XJIOpuqOM pe Agta elect (Avemael*S) (4) 


a) 4 OeH30HHbIM aHrHuypu- ; 2 
ie (6) mpu ere rye Ay, E, u A,, E,—appeHHycoBcKHe Napamerppt, CO 


m:0 (1);0,025 (2); 0,1 (3) OTBeCTBeHHO, JIA HeKaTaJIMTHYeCKOH MH KaTasIMTHYeCKOH 
| peakuui. Tak Kak paByto ¥acTb ypaBHeHHA (4) HeJIb- 
39 TIpeAcTaBuTb B Be OfHO mpocTokk dbyukuuu Ae~/!R’, TO MHHeEHHAsA 3a- 
Bucumoctb logk ot 1/T fomxKHa HaOOMaTbCA JIMIb Tora, KOTa OMHUM U3 
WIeHOB paBolt yactu (4) MoxKHO mpeHeOpeyb. IIpH 9TOM BOSMOXKHbI Take Ba 
Kpauuux cayuas: 1) 3HaveHHe ma HAaCTOJIbKO MaJlO, YTO BeMYHHY k mpeumy- 
ILeCTBEHHO ONpeseAeT MepBbIt WIeH, MH HAXOMHMOE OIIbITHBIM ITyTeCM 3HaveHHE 
9HeprHH akTuBaluu Oyzer OuusKo Ey; 2) 3HaveHHe ma JOCTATOUHO BeJIHKO, 
u & onpeserserca riaBHbIM OOpa3s0M BTOPHIM WICHOM; C/leOBaTeIbHO, OMbITHAA 


* SyaueHua « BBIUMCIANMCh M3 KOHCTAHT JMCCOUMAaLMH AuMepoB OeH3OMHOM KUCMOTHI Ha 
13 
MOHOMepbI B O6eH3OsIbHOM pacrsope (}*). 4 
me Ses aKTHBallMH, (akTOp WacTOTb! M SHTPOMMA akTHBAMH MIA pean Ser 
BaHHA aHUJIHHa OeH30MXJOPHAOM B YHCTOM O€H3OJIe, COOTBETCTBCHHO, PaBHbl: Kall ae 
3,0- 104 n/Momb-cex u—40,2 Kan/rpayq-Momb. Hause sHavcHne E) Xopowlo copnayaet C BeIHYHHOH, 
? S 8 
onpefenenHolt Xunwenbpyzom c coTp. (7350 (°) mM 7600 (2°)). . ess 
8 


9Hepria aKTHBalUN OyzeT mpHOiMxKaTECA K E,. EcTecTBeHHO, 4TO Te MPeAebHBIE! 
3HaUeHUA ma, MOC KOTOPbIX OMMH 3 YKA3aHHBIX WICHOB CTaHOBUTCA MpeHeOpe- ji 
%KAMO MaJl B CPaBHeHHM C APyrvM, 3aBHCAT M OT COOTHOWICHHA MexKy BeIHUH-} 
Hamu ky u k,. OrcyTcTBHe JIMHEHHOH CBASH Me*KTy 3HaYeHHAMU logk u 1/T pu I 
allMJIMPOBaHHH aHWHHa OeH30HIXJIOPHOM CBUJeTebCTBYeT O TOM, YTO U3MEpe-} 
He CKOPOCTH MpOu3BOAMMOCh B OOMACTH TaKUX KOHIeHTpallui OeH30HHOH KC} 
JOTI, KOTa 06a wena ypaBHeHus (4) Mexy co6oro coM3sMepHMpI. Kak H cae: 
JOBalO OXKUNaTb, C YBEMYCHHeEM KOHUeHTPalluu OeH3OHHOM KUCOTHI TeMMepa-i 
TYpHad KpWBax JIA KOHCTaHTbI CKOPOCTH HMeeT 3feCb OoMbUlyio TeHJeCHIMIOl 
IpHOamMxKaTbcd K MpamMon. [pu Oovlee BbICOKUX KOHWEHTPallWAX KUCJOTHI H3MEPe-} 
HUii CKOPOCTH He MpPOH3BOAUOCb BBULY TPYAHOH pacTBOPHMOCTH KHCJOTHI B OeH-| 
3ome. ONHakO IA allWIMpOBaHHA aHWJIMHa OeH3OHHbIM AHTHAPHAOM MpH TeX ME; 
KOHUeHTpalwAx OeH30HHOH KUCOTHI Ha puc. 4 MpI ye HaOmi0aeM MpAMBIE| 
auuHun. [ipHHuMasd BO BHUMaHHe CKa3aHHOe BBIIUe, 9TO JIETKO NOHATb, TAK Kak} 
B MlOCeqHeM clydae 3HaueHHe k, B CpaBHeHHU Cc k, OUeHb HE3HAYHTEIbHO. ONbIT- 
HOe 3HaueHHe SHEP aKTHBAILMH 3fecb O1u3KO K 4000 KaJl/MOJIb UM He 3aBHCH1 
CYULeCTBeEHHO OT H3MCHCHHA KOHUeHTpalluu OeH30HHOM KHCJIOTHI B Mpememax| 
0,005—0,1 Moumb/.1. ij 

CyxyeHve O MeCXaHH3Me BJIMAHHA KUCAOT Ha KMHETHKY allMMpOBaHHA anny} 
MHA MbI HaJlee@MCHA BbICKa3aTb HECKOJIbKO M032Ke, NOCMe MOJIYYeHHA HEKOTOPHIX 
JOMOMHUTEJIbHbIX JKCHECPMMeHTAJIbHbIX JAHHBIX. | 

AstToppt mpu3HaTeibupt aka. AH YCCP E. A. Ilunosy, w.-Kopps 
AH YCCP H. A. 3maiinosy, npod. B. B. Boepozckomy u Jou. B. A. Ilanbmy 3a; 
KOHCYJIbTauMH Mp UCTOJKOBaHHM ,pe3YIbTaTOB JaHHOH paodoret. a 


XapbKOBCKHH YTocyapcTBeHHbIn YyHHBepCHTeT Tloctynu10 
um. A. M. Toppxoro 30 VII 1957 
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Jlokxayn Akayxemun nwayr CCCP 
1958. Tom 118, Ne 2 


PHZ3HYVECKAA XHMH A 


WY. ©. CTOAHOBA 


2JIEKTPOHHOMHKPOCKONMYECKOE HCCJIEMOBAHHE OBbEKTOB 
B TASOBOH CPEJIE 


(ITpedcmaeaeno axademuxom I]. A. Pe6undepom 4 VI 1957) 


_ OHNM u3 ycIOBHH uccieqOBaHHA OObEKTOB B 3JIEKTPOHHOM MMKpOcKONe 
“ABJIACTCA HeEOOXOJMMOCTb MOMeLIeCHHA HX B BakyyM. Bmecte c TeM eCcTb psAL 
/OObEKTOB H NPOLMEccoB, WIA HCCeEMOBAHHA KOTOPbIX HEOOXOMUMO HasMUHe rasa. 
Tlostomy c momenta nOABJIeHHA NepBolt MOJeM 2ICKTPOHHOTO MUKpOCcKONa Mmpo- 
BOJHJIMCb MOHCKH BO3MOXKHOCTH 9JIEKTPOHHOMMKPOCKONMYeCKOTO UCCeELOBa- 
HMA OObEKTOB B BOSAyXe MH raze (1-*). Baia paspaCoTana 3aKpbiTan rasoBaa 
| KaMepa, B KOTOPyIO MOXKHO ObIIO NOMelaTb CObeEKT O6e3 MpekBapuNTebHOTO 
BEICYIUMBaHHA (“), H OTKPbITaH KaMepa, NO3BOJIAICMaA NPOBOAUT HadsmOMeHHe 
OO6beKTOB B aTMOCdepe ra3a Np AaBsenun 10—20 mo pr.crt. (* °). Jlanbueuiee 
NOBbIWeHHE aBJIeHHA B palOHe OObEKTA COMPOBOKMANOCh YXYMWIEHHEM Baky- 
-yMa B KOJIOHHE MMKpOCKONa HW HapylWleHHeM cTaOHJIbHOCTH Uu3806paxKeHHA. 
Tak kak 9JIEKTPOHHOMUKpOCKONHYeCKOe HCCIEOBaHHe CObEKTOB B Ta30BOH 
/epefle TpeOyeT NOBBIWWeHHA JaBJICHHA HeEMOCpeACTBeEHHO B 30HeE CObEKTAa Ha HE- 
| CKOJIbKO MOPAKOB MO CpaBHeHHIO C JlaBJIEHHeEM B KOJIOHHE MHKpOcKONa, TO 
| 9JICEMEHTLI KAaMePbl, B KOTOPbIX COJepKaTCA OObEKTHI, AOJIKHbI HMeTb OObILYIO 
| M€XAHHUECKYIO NPOUHOCTH, UTOOHI BbIAeCPRKUBATb 3HAYHTEIbHYIO PaSHOCTh aBwie- 
HMM, ObITb OcTaTOUHO TepMeTHUHBIMH, 4TOOLI He MpONycKaTb ra3 3 KaMepbI B 
| KOJIOHHY MHKpOCKONA, H BMECTE C TeM ObITh JOCTATOUHO TOHKHMH B 30He JeHCTBHA 
nyukKa, uTOObI He BbI3SbIBATb 3HAUHTEJIbHOFO PaCCeAHHA 3JIEKTPOHOB, Npoxo,A- 
mux uepes oObexKT. 

TlpoBeqeHHble HaMH ONIBITHI NO3BOIMJIM paspaCoTaTb OTKPbITYIO MHKPOKaMepy, 
YHOBJIETBOPAICULYIO MepeyHCJIeHHbIM BbIWe TpeCoBaHusM (°). Sta KaMepa OTVIN- 
yaeTCAH OT CYIIECTBYICUIHX TEM, YTO B HEH MOXKHO H3MCHATb JaRsenHHe ra3a 
ot 0 70 700 mM pr. cr. 6e3 HapyWeHHA pexuMa paCoTbl MAKpocKona, He Mpe- 
pbipad mpotlecca HaOmofeHHa H300paxeHunA. TepmeTHuHOCTb KaMepbl OGeCc- 
MeynBaslacb 3a CUeT YNJIOTHEHHH HM S3allHTHBIX TWJIeCHOK, HAHE€CeHHBIX Ha JIMa- 
@parmpl, orpaHHunBaicuive KaMepy OObeKTOB C AByX CTOpOH. B kauecTEe 3alluT- 
HBIX TVJICHOK HCHONb30BaIHCb KOJVJIOJHeEBbIE MJICHKH, MTOKPbITbHie TOHKHM 
YIOJIbHBIM CJIOeM. 

M3menenne JaBsleHua rasa B KaMepe MpPOH3BOMJOCb COeAMHEHHeM ee C Oall- 
JIOHOM, COJlepxKamiuM TpeOyempli raz. JlaBlenue rasa B 30He OObeKTA 
u3Mepssiocb U-o6pa3HbIM PTYTHbIM M@HOMeTPOM, laBJleHve B MHKpOcKoTIe — 
HOHH3allHOHHBIM MaHOMeTpoM. McnbiTaHvA NOKasaJIM XOPOLIy!o TepMeTHYHOCTh 
KaMepbI: IPH H3MeHeEHHH JaBleHusA B Hel 20 600—700 mm pr. cT. BakyyM B KO- 
JIOHHE MHKpOCKoNa CHuxKacA He Gomee em Ha 5—10%. 

Baru ahne faca 6 sallutTH hex en oOK Ha Ka wecT BO 
9NEKTPOHHOMHUKPOCKONHYeCKOTO H3800paxKeHnH aA. Ha- 
JIMYMe B3alLMTHBIX WieHOK H rasa Hall OObEKTOM MIpHBOLUT K yBeMYeHUIO OCueh 
TOJIMMHbI CJIOM, Yepe3 KOTOPbIH MPOXOMAT SJIEKTPOHI, POPMUPyroMHe us06pa- 
XKeHHE, H, CeCMOBATeIbHO, K YXYMEHHIO PaspellieHHA 3a CueT XPOMATHUECKOH 
own6xu. Bocnomb30BaBlHCb SMNMpPHYeCKOH COpMyvIOl, BbIPpaxKalouleH COOTHO- 
WWeHHe MEY TOMMMHOM OObeKTa H XpoMaTHYeCKOl OWMOKOH, NoKasbIBalollen, 


325 


uTO pagpelliaeMoe paccTOAHHe He MOxXeT ObITb MeHbue 1/10 TOMMMHEI OObeKTA |) 
MbI HOJLYYHIM JIA Hawero cyyan paspeliarouly1o cnoco6xocTs 50 A (qa mpe}) 
AC@JIbHOFO perKuMa). 
Ilo Mepe yBeIM4eHHA TOJIUIHHbI PacCCeHBalolMlero COA YBEMMYHBAeTCA KOJIM | 
UeCTBO 3JICEKTPOHOB, PaCCeCHHHBIX Ha CTOJb OoMbUWIHe YIVIbI, YTO OoOMbUIaA Hd) 
yacTb 3ajlep%KHBaeTCA allepTypHOu AuadparMol. OTo OOcTOATEMbCTBO MpHBOAAI| 
K CHMKeHHIO APKOcTH u306paxkenua. [Lia BOCCTaHOBJICHHA HCXOMHOH APKOCTES 
TIPHXOMUTCA MOBbIWATh Harpy3Ky Ha OObEKT. | 
UccneqopaHua moKa3av, 4TO Be YIOJIbHO-KOJJIOMMeBbIe IWJICHKH MH} 
KpOKaMepbl pacceuBator 0 30% nayaloulux 9JIEKTPOHOB 3a Mpefesbl anepTyp-| 
Horo yrua 8-10°3 paquanmpu Hanpaxenuu 80 kB. YBemMY4eHHe WaBsIeHHA B Ta} 
30BOli KaMepe BBI3bIBaeT CHWKeHHe APKOCTH M300paxKeHuA Ha 70% MPH BbI-) 
cote rasosoro cos 0,1 mm u na 20% up 0,03 MM npu 2aBeHHH, OM3KON) 
K aTMOcdepHomy. CHw2KeHHe APKOCTH COMPOBOKAAIOCh 3HaAYMTECJIbHBIM CHHKEH 
HHeM KOHTpacTHocTuH H306paxeHua. JA BbIOOpa ONTHMAJIbHBIX YCJIOBHH KOH- 
TpacTHOCTH HaxOMIOCb pacmpeleweHve HHTeHCMBHOCTH Ha M300paxKeHHyl)) 
(°) or aneprypb OObeKTHBAa M YCKOpAIONero HaNpAXKeHUA MPH TOMO PoTorpa-k 
(bHuecKOro MeTOJa HM NO HeMy ONpesemAacb ONTUMAJIbHaA allepTypa OObeKTUBA 4 
Oua oka3alacb paBHot 8-10°* panuana. IIpu stom oKa3asocb, 4TO BeIMYMHal 
MHHMMaJIbHOrO KOHTpacta MaslO 3aBHCHT OT allepTypbl OObeKTHBa Jo yrua 8-104 
palwaH WM 3HauHTebHO BOS3pacTaeT pH yBerHueHHH ee cBbIUe 10? pafuaH. 

C TOUKH 3peHHA JOCTaTOUHOH APKOCTH W300paxKeHuA anepTypa OObeKTHBA 
8- 107% paquaH MoxKeT CuHTaTbCA yOBMeTBOpuTeIbHOH. IIpuHumMasa npesevIbHBIME 
KOHTpacT u300paxkeHusa uacTulpt 0,2, Mb] HAaXOJMM, 4TO B Ta3OBOH MUKpOKa 
Mepe MOxXeT ObITb OOHapyxKeuHa yacTula 300Ta WMaMeTpoM 3 A HW BelllecTBa Op 
raHHyeckoro mpoHcxowyenua ~ SOA. 
Pa3pemleHue 3JIEKTPOHHOMHKPOCKONMNYeCKOTO H300paxKeHuA ONpeeAIOCb 
MO YaCTHWaM KOJJIOMAHOFO 30JI0Ta, HAHCCEHHOTO Ha OAHY H3 3alllMTHBIX mek 
| 


canine p-ieea ae 


ee ee 


IIpu 2aBienuu B MUKpoKamepe 120—170 mm pr. cT. ObIIO NOyYeHO paspenieHHe 
80 A—100 A, a npu faBrenuu 520 mM prt. cr. 120 A (puc. 1). 

Ha6mwmeuune B SNECKTPOHHOM MHUKpPOCKONe Apo 
mecca XxHYMHUeCKOH peakuuu. Tlomyyenuple pesymbTaTbl CBM- 
JIeTebCTBYIOT O BO3MOXKHOCTH MPOBOAHTb 3JIEKTPOHHOMHKPOCKONMHMYeCKOe HC- 
culeHOBaHHe OObEKTOB, HAXOTAIMUXCA B Ta3s0BOl Cpese, B TOM UNCMe HaOMOAeHue 
XHMHMYeCKHX peaklMH Mexky ras0oOpasHou u TBepou dasamu. 

B KayecTBe ipHMepa Hamu Oblla BbIOpaHa peakIlHA Mexjy CepeOpom wu ra- 
3000pa3HbIM CepOBOAOpOAOM B MpucyTCTBHH KUCMOpona. CepeO6po HaHocusoc } 
MclapeHHeM B BaKYYyMe Ha WIeHKY OAHOM H3 WHadparM KaMepbl. OMbITHI MpOBo- } 
IMJIMCb C MHUKPOKaMepaMH, MMeBUIMMM XOpolllyio repMeTHUHOCTb. 

Tlepex Hauasiom peakWuu CTpyKTypa HCXOAHOFO COA MpOBepsAAaCb 2eKTPOH- } 
HOMHKPOCKONHYeCKUM HM 3JIeKTpoHOrpaduyecKuM MeTOaMu. Buellnui Buy UC- | 
XOMHOrO CJIOM CepeOpa HM ero JJeCKTPOHOrpaMMa MIpHBeseHbI Ha pHc. 2a, a’. 
Iloqapaa B KaMepy cMecb ra3006pa3Horo cepoBogopogna (p'2S = 30 mm pr. crt.) 
uM Kuclopoga (p° = 10 MM pr. cT.), CeqMIM 3a H3MeCHeHHeM CTPYKTYPbI UCXOs- 
Horo coda. Ha HaOmoaeMoM yuacTKe Yepe3 Be MHHYTHI C MOMeHTa TOa4uH rasa 
HauHHaJlOCch [BYKeHHe YacTull (puc. 26, 6’). Bowtbulad cKopocTb, ¢ KOTOpo mpo- 
MCXOAMIa MUrpallMA, HE NOSBOAJIa NOJYYHTb B STOT MOMeHT pe3KOTO CHHUMKa— 
mp skcno3suinun 1—2 cex. Ilo. snextponorpaduyeckol KapTuHe G6bIIO0 ycTaHoB- 
JI€HO, UTO ITOT MOMEHT COOTBETCTBYeT Havaly XHMHYECKOH PeakIMH: 3ecb HapALy 


Puc. 1. Konnouquoe somoTo B MuKpoKamepe; V = 80 Ks. a— p= 170 wm pr. cr,, 

6 —p=520 MM pT. cr. 

Puc, 2, QneKTpoHHoMUKpocKonMuecKHe U306paxKenuA (a, 6, 6, 6), 2) M 31eKTpoHOrpammnl (a’, 

6", 6’) cTpykTypbl caox cepeOpa B Mpolecce peakIMH C cepoBosopoyoM Mu KUCAOposoM; 
= 80 kB. a, a’—ucxoyHbIit cmol, 6,6’—cnow uepez 2 MuH. Mocne Hauana peakUHH, 6, 

6, 6’—caolt wepe3 3 u 4 MH. Nocae Havada peaklluu, 2—coceqHuli c O6myuaeMEIM yuacTok: [— 

Ooulee AaneKu oT o6ny4aemoro, I] — rpaHwunplit c o6yuaemEM 
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as 


Pue. 2 


418, Ne 2, CrosHopa 


a ee a ee ee ees ee 


—~s 


IMHMAMM CepeOpa nosBuuch WMHHM AgeS (puc. 26’). TlonHoe npespamienne 
i ee B AgeS Ha HaGm0qaemMoM yuacTke OKOHUMNOCb Yepes 3—4 MUH. (pric. 2 6), 
16). 

HanbHeliuime Ha6mo0LeHuA NOKasaJIM, YTO Takoe ObICTpoe mpeBpaulenue Ag 
AgeS Mpovs0uWio WuuIb Ha yuacTKe, OO/lyyaemom 2/leKTponamu. Ha cocequux 
Ke yUaCTKaX, 9KPAHHPOBaHHHIX OT OOJYYeHHA, COXpaHAacb HCXOMHaA CTPyK- 
pa (puc. 2 e). 

KOHTPOJIbHBIC OMBITHI B TPyOKe, MpOBeJeHHDIe B UJCHTHUHBIX C Ta30BOli MH- 
ppokamepolt YCIOBHAX, MOKa3aJIH, YTO ObicTpoe (B TeveHHe 2—3 MMH.) MpeBpa- 
yenve Ag B Ag,S mpoucxoyuT mpu Temmeparype 95—100°. IIpu Tremneparype 
ferKe 80° ckOuIbKO-HHOyb 3aMeTHOe M3MeHeEHHe B CTPyKType cepeOpa 3a TaKOli 
}OPOTKHM CpOK He HaOOMaeTCA. CneqOBaTeIbHO, IyYOK OKAa3bIBaeT TePMHYeCKOe 
eMCTBMe Ha OObEKT, YCKOPAA peakiluro. 

IIpH smeKTpOHHOMMKpOCKONMYecKOM UCCeOBaHMM Mpollecca peakWHu B 
ae ClydaeB HaOOLaJlOCcb YMeHbIIeHHe KOJIM4eCTBA BeleCcTBa Ha OGsyYaeMOM 
fuacTKe HW YBeJIMYeHHe Ha COCeJHeM C HMM (px. 2 2). [lo-BHAMMomy, 9TO Mpoucxo- 
HIO BCJI€NCTBHe 3HAaUMTeJIbHOTO Mepenafa TemMlepaTyp Ha OGJIyyaeMoM H He- 
61yuaeMOM yuacTKax. 

KpoMe NoJIOXKUTeEIbHOTO BO3AeHCTBUA 9JIEKTPOHOB, CMocoOcTByrollero Gowee 
ppIcTpomy TeYCHHIO peakIHH, HaOOasocb HM OTPNUWaTebHOe elicTBMe UX, 
IBbIPAXKaBleecA B OOPa30OBaHHH Ha OODEKTE MJICHKH, TOJIHHa KOTOPOH yBeJH- 
h MBaslaCb MPOMOPUHOHAaJIbHO BPCMeHH HW HHTCHCHBHOCTH OOmyueHHA. TloaBmeHne 
[1ICHKM MIPHBOAMIO K 3HAUMTeIbHOMY CHM2KeCHHIO KOHTpacTa wu300paxkenus. 
13 TOM Culy4¥ae, KOra peakUMA Wa ObicTpee, YeM Mpollecc OOpas0BaHuA TWIeHKH, 

OXKHO ObWIO HaOMONAaTb BCe STalbl peakUuH. B MpoTHBHOM cJTyuae peakIHA 
IpeKpalljaiacb Ha OMHOM U3 HavaJIbHbIx cTanqnui. pu BpiOope pexkuma peaklHu 
eoGXOJHMO IIPHHHMaTb BO BHHMAaHHe 3TO OGCTOATEJIBCTBO. 
| OulekTpOHHOMMKpockonMuecKkoe HaGJOAeHHe Mpollecca peaKUHH MexKLy ce- 
pe6poM HW CepoOBOAOpOAOM B MpPHCyTCTBHH KHCOpORa NO3BOJMIO MpOCceqMTb 
Iipollecc MpeBpalllenua cepeOpa B CepHUcToe cepeOpo M OOHAPYXKUTb IPH 9TOM, 
“TO COW CepeOpa, NOJYYeHHbIH HCHapeHHeM B BaKYyyMe, COCTOHMT M3 arrvioMepa- 
TOB, NpeACTAaBJIAIOULUX COOOM He OTICJIbHbIe CTPYKTYPHbIe CMHHIUbI, a COBOKYII- 
OCT HeECKOJIBKUX CTPYKTYPHBIX CAHHHL. B peakunio BCTYNaeT He BeCb alTv0- 
MepaT, a KaxKad CTpyKTYPpHad CAMHMLMa B OTEIbHOCTH C MOCeAyIOWUM YKpyl- 
HeHHeM 3a CUeT KOaryJIAWMM YaCTHI, Np MpeBpallleHuu cepeOpa B cepHucToe 
| oe 

Takum 06pa30m, pa3spa6oTaHHad MeTOANKa MOKa3aJia BOSMOXKHOCTh BJIEKTPOH- 
HOMMKPOCKOMMYeCKOTO HCCIEOBAHHA OObEKTOB B ras0BOH cpefe C paspellleHHeM 
He Huxke 120 A npu faBsmenun Omu3KOM K aTMOcdepHomy. IIpumeHeHue ee K 
MCCJIEJOBaHHIO XHMHYeCKOH peaKIMH NO3BOJIAeT MpOCsIeqHTb B 9JIEKTPOHHOM 
MMKpockone mpollecc peakWHH MExKy ra3s000pa3sHoH HU TBeDAOH cbasoli Ha pas3- 
JIMUHBIX 9TalaxX peakuH. 


| 


( 
‘7 
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TVS a7 


WMTHPOBAHHAS JIMTEPATYPA 


1R. Rudenberg, Osterr. Patentschrift, Ne 137611 (1934), *® F. Krause, Natur- 
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Bull. Cl. Sci. Acad. Roy. Belg., 7, 553 (1935). 7 J.M. Abrams, I. W. Mc Bain, J. 
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Jloxnagn Akagemunu nayk CCCP 
1958. Tom 118, Ne 2 


TEOXHM 


Axanemuk AH Asep6CCP X. WH. AMMPXAHOB, C. b. BPAHAT, E. H. BAPTHMLKME)) 
B. C. FYPBHY u C. A. FACAHOB 


K BONPOCY O COXPAHHOCTH PAX HMOrEHHOrO APIOHA 
B TJIAYKOHUTAX 


B 1956 r. M. M. PyOuumrtelituom (!) u K. C. Mararaeppm (°) Onin cea: 
COOOMIEHHA O MepBbIX Pe3yJIbTAaTaX OMpefeseHHA aOcCOMIOTHOTO BOspacTa OC) 
QOUHBIX MOpok MO ayTHTeHHOMy MHHepally TslayKOHHTY. 1 

OcHOBHOH MpesNocbiIKOH MCHOIb30BaHHA TlayKOHHTa WIA Wee ompely 
JIGHHA AOCOJMOTHOFO BO3pacTa OCaJOUHbIX MOPO ABMOCb GoubUIOe CXOACT HL 
ero CTPyKTypbI CO CTPyKTypoH cwio, B yacTHOcTH OuoTHTa. JlelicTBUTeIbHE 
WIA TulayKOHHTOB (°°), Tak Ke Kak M JIA COM BOOOMIe, XAPAKTePHO HaJHUhi 
KPCMHEKHCJIOPOAHbIX TeTPas4POB, KOTOpble COeAMHAIOTCA B TeKCarOHaJIbHlh 
CIO BC/eCTBHe OOWHOCTH HOHOB KuCOposa WA AByx TeTpasmpos. J[Ba Tak) 
CJIOA COCAMHAIOTCA OKTaSIpHyecKOhH KOOpAMHallMeli BOKPYF HOHOB aJIKOMHHH|! 
MarHHa HW Apyrux. Mexyzy ABYyN 


iy 


100% 

TaKHMH CJIOXKHbIMH CJIOAMH TOMY 
ammYe wlawoTcs HOHBI Kawsua. IlosTom 
= | BIB Ka3al0Cb Obl, TlayKOHHTbI MOP} 
Tom OCmonua ObITh BNOJHE MPHFOAHbIM MaTepHl 
S 912 JOM JIA OnpezeneHua aOcoutol 
< a0 HOTO BO3pacTa OCaJOUHBIX Nopos 
S. 908 TeM Oovlee, UTO NepBbIe pes ybTaT’ 
& OD : 
iS H3MepeHHH NOKa3aJH XOpolHe co 


sS 
R 


MafleHuad aOcoOJOTHOTO BO3pacTas 
peqnouaraeMbIm TreovIOrHuecKHy) 
200 400. 600 GOD 1000 100% |OAHAKO, HACKOJILKO HaM U3BeCcTHE 
HHKaKHX KOHKPeTHBIX HCCeMOBa 

Puc. 4 HHL MO COXpaHHOCTH paquorenHOH} 
aproHa B layKOHHTax JO CHxX MIC} 

He ObIIO, A CYKJCHHA O CXOACTBeE CTPYKTYPbI layKOHUTAa H CIO He ABJAIOTC! 
JOCTATOUHbIM MOKA3aTeEIbCTBOM MIPHFOAHOCTH TlayKOHHTOB WIA Weel ompex 
J@HHA aOcOMOTHOTO BO3pacTa OCAaOUHBIX : MOpoL. | 
Hapsaay c yKa3aHHAMM Ha XOpPOLIyio YCTOHYMBOCTb CTPYKTYPbI TiayKOHl 
TOB HMeEIOTCA H YKa3aHHA Ha CaOylo CBASb Kau C peweTKOH (*). Tak, Op) 
4-yacOBOM KHMAYCHHH TlayKOHHTa C paCTBOPpOM HHTpaTa Taliua 25% Kay} 
OKa3aJIHCb 3aMeICHHbIMH Ha TaJJIHH, B TO BPeEMA KaK JIA OMOTHTA TaKOro 3: 
MeLIGCHHA MOUTH He HaGWOAaIocb. OOBACHAETCA STO TEM, YTO PpasMep 3epeH OK 
THTa HaMHOYO GOoVIbIe, YeM Y PlayKOHUTA, TO CCTb NOBEPXHOCTb HaMHOPO MeHbIIIi 
a 3aMElllalOTCA TOJIbKO Te HOHBI KaJIHA, KOTOPble HAXOJATCA BONH3H NOBepXHOCTI 
Ha cia6yio CBA3b NOBEPXHOCTHBIX HOHOB K co CrpyKTYpoOH COI YKAa3bIBaeT Tal! 
»#e H Bepxun (*). Takum 06pa30M, COXpaHHOCTb KaJIHA, a CJIEMOBATeIbHO, HU p 
WMOreHHOrO aprona B CJltoaX, BUAMMO, 3aBHCHT OT CTeMeHH THCIepCHOCTH CJIIO) 
IIpu onpeyenenuu payuorenHoro aprona B TviayKouuTax JlarecraHa Obl 
OOHapy2KeHO, UTO B HEKOTOPHIX CIyUaAX HaOIOMaeTCA 3AHW2KEHHOe CONepKaHH 
pafuOreHHOro aproHa BIOTb TO ero MOMHOrO OTCyTcTBUA. Onpesenenua pe 
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M3BOJMJIMCb MACC-CIEKTPOMeTPHYeECKHM METOJOM M30TOMHOTO pasOaBJIeHHA, pas- 
paootauHbim B J[arecranckom dusmuane AH CCCP (7%). 

JIA BbIACHeHHA BOMpOca O COXpaHHOCTH paslMoreHHOrO aproHa B rlayKOHH- 
TaX MbI HCCJI€JOBaIM 3aBHCHMOCTb Me€2K]Y KOJIMYECTBOM BBbIJeeHHOTO payuo- 
TeHHOrO aproHa MpH [peBapHTebHOM HarpeBe H TeMMepaTypol HarpeBa. 
(Ana uccienoBanusa Obl B3ATbI Ba OOpasiia rayKOHUTOB: Cunyp — mpaKuna 


0,05—0,25 mm (K. C. Mararaes) u 
Qctrouua — dpakuna 0,25—1,0 mm 
(M. M. Py6uuuteity) c coxepxxaHvem 
payMOreHHOTO aproHacoOTBeTCTBeEHHO 
0,098 umm?/r u 0,165 rmm?/r. Hapecku 


oOpasloB MporpeBasINCcb B HHTepBaie - 


Temlepatyp oT 100 go. 1150°. Tapan- 
Je@JIbHO YTOTOBHIHCbh NpoObnr AWA 
PpeHTreHOCcTpyKTYPpHOro aHasu3a (cHA- 
THe MopowikorpamMM). YcsioBuA mpo- 
rpeBa lpuBexenbt B Tad. |. 
Ilocne mporpesa o6pa3u0B mpo- 
BOJMJIOCb OMpeyeseHHe OcTaBuleroca 
-B HHX pajfMoreHHoro aproHa (cM. 
ta61. 1). Tlomyuenupre pesysbrarni 
MpecTaBJieHbl Ppaduyecku Ha puc. |, 
Pyle WIA CpaBHeHUA MpecTaBJeHbl u 
KpuBpie 9. K. Tepauura 2a MycKo- 
BuTa HM MMKpoKwnHa (2°). 
| Kak BuHO 43 puc. |, ecmM BbIqe- 
| Jil@HHe paywMOreHHoro aproHa M3 MUK- 
pokjuHa HauHHaeTca Mpu T = 400°, 
au3 MyckoBuTa — pu T > 600°, To 
Wid TuaayKOoHuTa yxe mpu_ 100° 
MpoucxoMT moTepxA mpuOmM3uTesb- 
HO 20% payMoreHHoro aproHa, ak 


aQ 
=f Os] 
& 5 
a |3 
oO ia) 
Cuayp 
3 
3 
3 
3 
3) 
3 
3 
3 
OIcToHHA 
2 
2 
2 
2 
D 
2 


IIporp.. T°C 


Jio mporpesa 


100 
250 
400 
500 
700 
850 
1000 
1150 


J{o mporpesa 


100 
200 
300 
400 
500 
600 


TaoOauua tt 


e a 

3 a 

5 ray 2 

= 5 = 
) oF | FR. 
ore i} 3 5% 
aS g BEE 
oo S a= (a 
0,098 
10] Tox az0ra | 0,078 
10 is e 0,079 
10 A . 0,074 
10 z, - 0,000 
10 . : 0,000 
10 2 - 0,000 
10 = A 0,000 
10 A ie 0,000 
0, 165 
8| Ha Bosnyxe | 0,134 
Sills > 0,129 
Sia 4 0,118 
Sie Es 0,000 
Sie . 0,000 

8 ” ” 


500° npoucxoguT ero nosHoe Bbiqemenve. B TO Ke BPeMA WIA MUKpOKINHa 8-ya- 
copoi mporpes mpu 1200° yaer norepio scero «numb 76% pafnoreHHoro 


DPaAOminiie, 2 


T = 20° T = 100° T = 550° 


n|d 


No qHHMH 


O6paseun Cuayp 


#13} 0,761 | 3{. 0,764 | 3] 0,764 
Pet 0, 743. | 4.1. .0,713. | 1-1 0,713 
314] 0,657 15] 0,657 | 4] 0,657 
4|4| 0,637 |41| 0,647 | 1] 0,647 
514] 0,599 |2] 0,605 | 2| 0,600 
612] 0,548 |2] 0,548 | 2| 0,548 
7/4{ 0,500 |1] 0,506 |1]| 0,506 
Bie | 20,487 2 10,493 | 2 | 0,498 
913] 0,448 13] 0,448 |3]| 0,448 
10/21 0,436 |2]| 0,436 |2] 0,436 
44/31 0,409 |4] 0,409 | 4] 0,409 
#215] 0,382 |5]| 0,382 15] 0,382 
13/1 0,368 |1]| 0,368 | 4] 0,368 
14,2] 0,341 |2] 0,348 | 2] 0,348 
1515] 0,334 |4] 0,340 | 4] 0,340 
BAL 0.242, ), 2s|0 0,312. | 2:1 0,342 
T7241 0.290 | 31] 0,284 15| 0,284 
fei 3] 0,262.1 34> 0,262 "13 | 0,262 
£17251 0,226. 12° 0,288" 12°] 0,233 
Bas Fal05 244) e410; 24ter | 4: | 0,244 


= T = 20° 
x 
xc 
I 
age nid 
z 


fF = 100° 


T = 550° 


n|d 


O6pa3en OcTOHHA 


412) 0,792 
213 | 0,762 
314 | 0,667 
4\5 | 0,652 
5} 21 0,594 
6} 1] 0,487 
7141 0,448 
8} 2] 0,442 
9} 2| 0,428 
4015 | 0,402 
1115 | 0,375 
1214] 0,354 
14313] 0,312 
143 | 0,284 
15} 3 | 0,255 
16) 1.| 0,226 
17} 2| 0,244 
1813] 0,203 
19} 3 | 0,094 
201 3 | 0,076 


BERD MAHRWNMUOUBRNMDMF PD OF Wb 


0,792 
0,764 
0,667 
0,648 

0,594 
0,487 
0,455 
0,442 
0,436 
0,408 
0,375 
0,361 
0,312 
0,284 
0,262 
0,226 
0,218 
0,214 
0,094 
0,076 


0,792 
0,762 
0,667 
0,648 
0,594 
0,487 
0,450 
0,442 
0,436 
0,408 
0,375 
0,364 
0,312 
0,284 
0,262 
0,226 
0,218 
0,214 
0,094 
0,076 
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BEE DME NOME OWNE NPN UF WE 


aproua (11). Oro yKa3biBaeT Ha OYeHb cna6y!o CBA3b pafMoreHHOrO aprona ck 
KPHCTaslMuecKOH pemerKOM TlayKOHHTOB. 1 

To, uTO BbIMeeHHe pawMoOreHHOrO aproHa MpOHCXOAUNT JO Havaia Paspylle-j 
HUA pelleTKH TulayKOHHTa, MOJTBepxKaeTcA TakxKe WH MOYYeHHBIMH HaMHy} 
flO pOLKOrpaMMaMH, KOTOPbIe JWI NAHHOTO OOpasila MOUTH He OTMMYAIOTCA APYT |e 
oT Apyra (cM. Tas. 2). 

Kpusbie BbIeIeHHA pakMOreHHOro aprona M3 TlayKOHMTa HHTEpeCHO CpaB-y 
HHTb C KPHBBIMH, NOJYYaOWMMMCA MPH TepMHYeCKOM aHaJIH3e (1218), TepMo-} 
rpaMMbI TvlayKOHHTa uMeror 2 sHOTepMMyecKUxX adieKTa: MexKLy 100 u 200°f 
“a mexny 500 u 600° (puc. 2). TloasenHe mepBoro MHKa OObACHACTCA BbITe-[) 
JIGHHeM H3 TwilayKOHUTa afcopOMpoBaHHOH BOfbI, a BTOPOTO — BbIJeJIeHHeM 
KOHCTHTYIMOHHOM BofbI. C 3THMH TMKaMM COBMaaloT H NHK, MOJYYMBIIMeCAD 
Ha KpuBoli BbijeneHua aprona. [lo-BuxMMomy, mOTeps acopOMpoBaHHOH BOAbI\ 
rllayKOHMTaMU BsleyeT 3a co6oH motepro 20% aprona, a MOTeps KOHCTHTY- ’ 
IMOHHOH —Bcero ocTaibHoro. S70 TakxKe yka3biBaeT Ha culadyicfi 
CBA3b palHOreHHOrO aproHa, HM, MO BCel BepoATHOCTH, KasIMA, C pelleTKo M 


aproHa B r'vlayKOHHTe HeEOOXOJIHMBI JlaIbHeHIuve UcceqOBaHHaA. 


PasHocinb meMnepamyp 
——— 


0 200 400 500 600 1000°C 


JA ompeleseHua a6cosOTHOTO BO3paCcTa OCAMOUHBIX MOpO NO rlayKOHHTaMy 
HeEOOXOAMMO JOCTATOUHO MOJIHO 3HaTb reosIOHYeCK 10 HCTOPHWO Kak Joro oOpasilaw 
Bo3MOXHO, YTO rlayKOHUT MOXeT ObITb HCMOJIb30BaH B KaueCTBe MaTepHawlale 
WIA TaJleOTepMOMeTPHYeCKHX HCCeOBaHHH. 


Jjarectauckuu dbusmmas Tloctynusto 
Axajemun HayK CCCP 22 VI 1956 


IMTHPOBAHHAS JIMTEPATYPA 
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cbopMalui, M., 1957. 2 K. C. Marataes, Tam xe. \ S4Bi) Hreatder ie k 5c Si 
Ross, Am. Mineral., 26, Ne 12, 683 (1941). 4J. W. Gruner, Am. Mineral., 20, Ne 10, 699% 
(1935). 5 A. Tr. Betrextuu, Mnuepanorua, M., 1950. &®C. H. Bepxun, JIAH,M 
91, Ne 2, 389 (1953). 7 X. WH. AMupxanos. Tp. 3-4 ceccua Komuccuu mo onpesemenuioll 
a6c. Bospacta, M., 1955. ® X. HW. AMupxauos, WM. I. Ty psuu4, SKenpecc-merog 
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BHOXHMHA 


ee 


C. Jj. BAJIAXOBCKHM | u H. B. KYSHELLOBA 


KAPOTHHOMAHBIE NOJIMEHbI WM OKMCJINTEJIBHbIE IIPOWECCbI 
B OPrFAHH3ME 


PETHHOJI-HEQOCTATOUHOCTb H OKHCJIEHHE CEPbI B OPTAHH3ME 
(ITpedcmaeneno axademukxom A. H. Onapureim 3 VI 1957) 


_ Bonpoc 0 pom KapoTHHOHOB B Mpollecce OnodorMyuecKorO OKUCIeHHA 
me HOB; IlepBble BbICKa3bIBaHHA OO STOM MpHHasexatT euje Apuo (}). 
HccneqoBanve 9sTOro BOMpoca MpekcTaBAeT 3HaUMTeIbHbI MHTepec, No- 
}CKOJIbKY WS3BeCTHO, 4TO peTHHOJ (BHTaMHH A) HrpaeT OTBETCTBCHHYIO POUJIb 
1B OPraHH3Me MJICKOMMTAIOUIUX HW YTO B OTCYTCTBHe BHTaMHHa OpraHu3M rHOueT, 
OOHapyxKuBad pasHOOOpasHEIe Nopamkenva. K coxkavsleHvio, He BbIACHeHO, 
iB KAKOM CTeMeHH 39TH NOpayKeHHA CBAZAHbI C HaPYyIeHHeM Mpollecca OKMCJIeHHA. 
}PemreHuio STOM C/IO%KHOM 3aauH MelllaeT HacTyMatouladt ewe JO UcuepnaHua 
iBceX 3allaCcOB BHTaMHHa CMe€pTb XKMBOTHOYO, BCJeACTBHe uero OOcJYxXHBAaeMBIE 
BUTAMHHOM (PYHKUMH He NOaBAIOTCA Y ABHTAMMHO3HHIX XKMBOTHBIX MOJIHOCTHIO, 
\a JIM[IIb 3ATOPMaXKUBaIOTCA H OOHAPyXKeHve UX CTAHOBHTCA 3aTPYAHUTEJIbHbIM. 
TO NpHBOJUT K TOMY, YTO K HCCJIeAOBaHHIO BOMPOCa O BJIMAHHM ABUTAMHHO3a A 
jHa OKHCJIHTeJIbHbIe Mpolecchl, HU, B YaCTHOCTH, Ha CepHbIM OOMeH Ipuxo_UTcA 
INOXOMUTb pa3sHooOpasHbIMH MyTAMM, WpvOerad KaK K OMbITaM B WeOM Opra- 
JHH3Me, TaK MH K MOJJIbHBIM OMbITaM. 

|  MojesabHbIMH OMbITaMH HaM yJaJlocb NOKa3aTb, YTO KAPOTHHONJHbIe NOJIMCHbI 
joOlaaioT CHOCOOHOCTbIO AKTHBUPOBaTb MOJICKYJIAPHBIM HM MepeKHCHbIM KHCJIO- 
/pon (*), HO B Apyrux culyyadxX MOTYT MpOABJIATh CeEOA KAK HHTMOUTOPEI OKHCJIM- 
TelbHoro mpouecca (°). [IpumMepoM MoxeT CJy2KUTb TOPMOXKeHve KaTaJIMTHYeC- 
KOrO OKHCJI€HHA ACKOPOHHOBOHK KHCJIOTHI B IIPHCyTCTBHH HOHHOK WIM OpraHH- 
|YeCKH CBA34HHOM MEM WIM, HAKOHEL, MeHOTO (pepMeHTA, OCYLLeECTBJIAeMOe Kapo- 
iTuHOM OM (4). BMectre c H. H. Apo3q0Bol Mp Ha6soJaiu TOpMOx*KeHue KaTau- 
i‘TH¥eCKOFO OKHCJICHHA WHCTeMHa B WMCTHH (*), KOTOpOe MpoTeKaeT, KaK H3BeCTHO, 
c o6pa30BaHuvem —S —S-mocrTukos 3a cueT SH-rpynnm wucreuua. Bo Bcex 9THX 
cilyuaaiX TOPMOXKeHHe OKHCJICHHA He ObIIO KOHKYPCHTHBIM; B 9THX IIpHMepax 
PpeUb MOXKeT HATH TOJIbKO O IIpAMOM aHTarOHH3Me, O HeNOCpeACTBeEHHOM aHTHOKCH- 
WaHTHOM JelcTBHH. 

B apyro kaTeropHu cJlyyaeB TOPMOXKeHHe OKHCCHHA MOXET ObITb KOCBeH- 
ubimm. Cormacno Bumepy (*) ButamunH A TOpMO3HT OKHCJIeHHe (OCHOBHOH OOmeH), 
JelHicTBYA Ha WIMTOBUAHYIO %Keslesy WIM ee TOPMOH; NocseLHHH CeHCHOMMSUp yer 
KJICTKH, T. @. MOBbIMMaeT HX UYBCTBHTEJIbHOCTD K aflpeHaJIHHY, BBeeHHe KOTOpO- 
ro B TKaHH aKTHBUpyerT OKMCJIeHKe. HackoJIbKO BepHa KOHMenWMA Buuepa, no- 
KaxkyT Oyfymue ucceqOBaHHs. 

«IIpuuaTo cuvTaTb, 4TO Mpomecc KepaTHHH3alluH — oOpasoBanue Ooraroro 
cepoli OemKa KepaTHHa — ABJIAeTCH pe3yabTaTOM OOpas0Banus — S—S-moc- 
-THKOB 3a cueT SH-rpymn mpesecTBeHHHKOB Kepatuna (*). Takoro poya peaKWHA 
‘KaTasiM3MpyeTCA Mef[bIO HM ABACTCA OKHCJMTEbHBIM MpOleccoM, KOTOPbIH, 
KaK MbI y2Ke BUJeH, TOPMO3HTCA KapOTHHONaMH. TakuM 00pa30M, THMMUHOe 
npospienue A-aBuTaMHHo3a — H3ObITOUHAaA KepaTHHH3allMA — ABJIACTCA Pe- 
3YMbTATOM OKHCJIMTebHOTO Mpollecca, KOTOpbIit MHTMOMpyeTCA BHTAaMMHOM. 
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Jlannpe 2MMMpHyeckoro HaOsIOJeHUA Hal aBHYTaMHHO3SHBIMM XKMBOTHBIMH Hl 
XOUAT ce€e OObACHeHHE B MOJeJIbHBIX ONbITax. M3 BblNecKasaHHOrO Cjlelyey 
TAKUM O6pa3s0M, YTO C TOUKH 3peHHA CepHOrO OOMeHa PETHHOJ ABJIACTCA AHT IE 
OKCHJaHTOM. i) 

Bonpoc 0 TOM, KaK BJIMAeT BHTaMHH Ha CYMMapHBIH pesyJIbTaT’ CepHO}} 
oOOMeHa, CBA34H C NpesbIAYUMM MH HMeeT OosIbUIOe 3HAYeHHe JIA NOHHMAHHA poy 
peTHHosla B OpraHH3Me. IlocraBeHHbIe B COOTBETCTBHM C 9THM OMBITbI Mpecs| 
JOBAJIM Web BbINCHCHHA BJIMAHHA KAPpOTHHOHAHIX NOJIMCHOB Ha HHTCHCHBHOC}} 
OKHCJICHHA TaK Ha3bIBaeMOli «HeHTPaJIbHOli», T. €. BOCCTAHOBJICHHOH, Cepbl Opry 
HHYeECKHX COeIMHEHHH B MMHEepadibHyIO cepy CyYyJIb(aToB. i! 

OnbiTbI CTaBHJIMCb Ha HOPMAJIbHbIX HM ABMTAMMHO3HBIX 2KMBOTHEIX. KouTp' i 
JI€M CJIYXKHJIH HOPMAJIbHbIe X%KMBOTHbIe, HAXOJMBIUMECA Ha TOM Ke aBHTaMUHO'! 
HOM pe@xKUMe, HO NOJyuaBUIMe JONOMHUTeLHO BUTaMHH A B Buje CMeceli MOPKOF} 
uM Upenapata u3 pblObero 2XKuUpa. i 

B Kaxkgpili onbiT Opamucb 2 KOHTpOJbHBIe M 2 ABHTAMHHOSHbIe KppICchl. H4 
6IOeHHe HaYMHAJIOCb JIMWIb MOcme TOTO, KaK Y MOJOMbITHLIX 2KHBOTHBIX OOHA 
PY2XMBaJINCb ABHbI€ MPH3HAKH ABHTAMHHO3A: NOTeps B Bece, ABJICHHA KepaTHHlW 
3allHH HW KCepodTaJibMunH. 

DKuBOTHDIe Opasiucb B OMbIT yepe3 24 uaca Noce mocneqHeH ebI, Ye} 
oGecneunBaJicd Nepexof, B MOUY OHO TOJbKO SHOTeHHOH Cepbl HW UCKJIEE 
yaylaCb BO3MOKHOCTb 3aT€CMHEHHA KapTHHbI OCTYMIe€HHeM B OpraHH3M 
BbIBOJOM H3 Hero MMUeBOH cepEt. I 

TlofombiTHbIM XKMBOTHBIM BBORHJIM BHYTpHOprouMHHO MeyeHEI (S*°) Mi 
THOHUH 43 pacueta 300000 umn/muH Ha 100r xuBoro Beca (0,54p Cu). Mort 
9THX XKHBOTHBIX COOMpalacb, dpakUMOHHpOBasacb HW NOABepraach HccJeN) 
BaHHiO Ha PaHOaKTHBHOCTb. STO OCYLIeCTBIANOCh HaHeCeHHeM HeOoOJIbIUOrG 
HO TOUHO OTMePeHHOFO KOJINYeECTBA MOU Ha MWIOCKHH QucK. AKTHBHOCTb BBIC\h 
IWeHHOTO AuCcKa ONpeseiaAlacb Ha cueTunKe TehHrep—Mrouepa. Bo u36exKaHre 
CaMONOIOWeHHA Ha JHCK C MOBEPpXHOCTbIO OKOJIO 2,5 cm? HaHOCHIOCb He Oo) 
me 3 mr cyxoro BemlecTBa. TakuM NyTeM onpefeismacbh OOmjad AKTHBHOCT! 
MOUH. 

JA onpeyeieHHaA HeopraHHyecKoH WH OpraHHyecKOH (pak cepbl K MOT} 
NpHOaBJAICA XJIOPHCTHIN OapHii, B pe3sybTaTe UerO MMHepPasbHaad Cepa BbIMi 
Jjasia B ocafoK. B pacTBope OcTaBaslacb OHA OpraHHnueckasd Cepa, KOTOpaA ONpY 
jlesasach TAKUM Ke CnocoG6oM, Kak H OOllad cepa. AKTMBHOCTb ee BhIPakaad} 
B MpOlWeHTax OT OOuleH akTHBHOCTH. Heopranuueckand cepa onpeyenanach Mh 
pa3HOcTH. : 

Ilpempiqymime Haw uccienopanna (°) 3acTaBsIAM Hac AYMaTb, UTO XOTS Mp. 
PeTHHOJOBOH HeAOCTATOUHOCTH B OpraHH3Me NPOMCXOAAT CABUTH B OOsACTH Cex 
HOrO OOMeHa, HO JeNOHHPOBaHMA CepbI IPH aBHTAMHHO3e HET: KepaTHHU3ally 
Y ABHTAMHHO3HBIX XKMBOTHHIX ABJIACTCA JIMINb Pe3yJbTATOM Mpollecca Mepepac) 
mpefeseHuaA H KOHJeHCaMH Ooslee MeJIKHX, CYLICCTBYIOUINX B HOpMe, MC) 
JekyJ cepycofepxaljHx COeMMHCHHH, KOTOPbIe MOTYT pacCMaTPpMBaTbCA Kal 
NpeAiecTBeHHHKH KepaTuHa. 

OTOT BbIBOK NOATBEpAKLaeTCH ONbITAMH, B KOTOPHIX MPH ONpeseeHuU OG! 
AKTHBHOCTH Cepbl, BbIeIeHHOH C MOYO B TeYeHHe CYTOK, He yaslocb OOHapy| 
XKHTb CKOJIBKO-HHOYb CYUIECTBEHHOM pa3HUIbl Mexy CpeMHHM KOJIHYeCTBO 
BbIBeeHHOH S°° y HOpMaJIbHbIX MM @BHTAMHHO3HBIX 2KHBOTHBIX, a HMeHHC 
14,44-9,2% oT BBefeHHOL NO3bI y HOPMasbHEIX XKHBOTHEIX u 13,9%+6,49| 
Y aBHTaMMHO3HbIX. 

Takum OOpa3soM, KoIMuecTBO BbIemeHHO S*>° oKasanocb NpuOMH3HTeIbH 
OMHAKOBbIM Y HOPM@JIbHbIX HM @BHTAMMHOSHBIX 2KHBOTHBIX, M@XKy TeM Ka 
CTeNe€Hb OKHCJICHHA Y HOPMAJIbHbIX H ABHTAMHHOSHBIX XKMBOTHBIX, KAK MBI Celiva’ 
YBHIMM, pa3JIHuHa. 

OnpiTbI, MpoBeyeHuble Cc (pakIMOHHpOBaHHOH MoOUOl, NpelcTaBAeHEI H 
puc. 1. Besa BplemeHHad 3a CYTKH aKTHBHOCTb (oprannueckan + Heopre 
HuYeCcKad PpakuHH) Obiia mpuusta 3a 100%. B xKaKyoM ompiTe Obiia pac 
CUHTaHa AKTHBHOCTb OTJCIbHIX CpakUHH B MpolenTax OT OOuleli aKTHBHOCT 
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Mowe KaK Yy KOHTPOJIbHOTO (3f0POBOTO) KMBOTHOMO, Tak HM y aBHTAMHHO3HOFO 
MBOTHOTO. PaccMOTpeHHe pHcyHKa MOKa3bIBaeT, YTO BO BCeX CyYaAX AKTHB- 
OCTb PpaKUHH OKUCJIEHHOH Ce- 


Hbl Y ABHTAMHHO3SHBIX %XKHBOT- Ye 
WbIX Oba BbILIe, YEM Y KOHT- 80 
)OJIBHBIX. , 
| TlomyueHubre = =pe3yIbTaTHI 8 
OX%KHO CYMMHPOBaTb cuJlely10- on 
um 06pa30m. B KaxkJoMompiTe s 
v4acTBOBasIO 2 HOPMaJIbHBIX H 88 0 
ABUTAMMHOSHBIX 2KUBOTHBIX. 2 
Bcero B HaCTOAULYIO CcepHto NS 
)TbITOB B3ATO 44 2KUBOTHDbIX. =X 
Pacipeleenue AaKTHBHOCTH 8 
Mexky (dpakuHaMH MoueBOL ~~ 
Cepbl B IMpoOWedTaxX K aKTHBHO- OPES ST Sa re Re Re 
‘TH WeslbHOH MO4M ObIMO Cae- NW onein0b 


mytolluM. HOpMasIbHble KPbICbI pre aly i 

i . 1. Yposenb akTHBHOCTH B HeopraHHyeckoit (paK- 
: ae beaters aoe WMH MO¥UM 0 OTHOUWIeHHIO KO pce aKkTMBHOCTH. 
B4+-11,5'% or Bcex - JABM- 1 —y apuTaMHHO3HbIX 2KUBOTHEIX, 2 — y KOHTPOb- 
TAMHHO3HbIe BbITeIAJIH B OKH- HbIX 2KHBOTHBbIX 


eHHOM Buse 47 +12,85% Bceit 
85. STO CBUeTebCTBYeT O TOM, 4TO’ B YCOBHAX Wenoro opraHu3ma peru- 
4OJ1 TOPMO3HT OKHCJICHHe BOCCTAHOBJeHHOH («HeHTpambHOM») cepbl B CysbiaT 


[ 
MHHepaJIbuyio Cepy) TaK Ke, KaK OH TOPMO3HT OKHCAenHe SH-rpynn B 
ICY b*UAHETe. 


Tloctynuio 
27 V 1957 
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Jloxnayn Akafemun nayk CCCP 
1958. Tom 118, Ne 2 


BHOXHMH j\, 
T. H. EBPEHHOBA, JI. Tl. EPMOJFAEBA u A. M. PEPACHMOBA 


NYPHHOBBIE HW MAPAMVAMHOBbBIE OCHOBAHUA TEPMO®HJIbHOrh 
BAPHAHTA BACILLUS MYCOIDES 1 
(ITpedcmasaeno akademuxom A. H. Onapuneim 6 1X 1957) | 


XUMH3M %KH3HH Mp BbICOKUX TeMMepaTypax ABJAeCTCA MaJIO H3SYYeHHO jE 
o6nacTbio. OueBu AHO, TepMOMVIbI LOJKHbI HMETb CBOH XHMMUECKHe OCOOCHHOCTES) 
B mMuKpoopraHv3Max COJep2KHTCA JOBOJIbHO MHOFO IIYPHHOBEIX H NMPHMMAMHCH 
BbIX OCHOBaHHH, BXOJAULHX B COCTAB HYKJICHHOBbIX KHCJIOT, HYKJICOTHOB, & 
HyKeo3ufoB. TlocmeqHHe cyKaT HCTOUHHKaMM KO@epMeHTOB psa ONOJIOFHL 
yeCKHX peakIlMli W OoraTbIx 2Heprvel cboccopHEIx coequHeHHH (*). JanHoe uc}: 
cmeqoBaHve mpoposutca Bnepsle. IlpeyctaBlAOcb WHTepeCHbIM BbIACHHT|F 
BJIHAHHE BLICOKOM TeMMepaTypbI Ha OOULee, CYMMapHOe COep2KaHve NYPHHOBEIE 


Tao6uuna 1 Ta6nuuna a 


CojepxkaHve IypHHOBbIX H MMPHMHAMHOBBIX OC|x 


Moposornyeckah xapakTepHcTuka HOBaHHH B aOcOJIOTHO Ccyxol OakTepHaJIbHO 


Ky JIbTyPbI Macce 
ls 
a= Manouxn |!1at0uKH CO) Cnopsr B npowentax B MaKpomunAax 
a cnopaMH Ha TpamMM 
a5 OcHoBaHHe 
5 Sy Tipouent oT o6uyero uucma aa A = a 
Eee en Or mpu 58 mpu 44 upu 58* mpi 44* 
53 16,5 18,3 | 5,2 Tyanun 0,567 | 0,743 3747 AN12 


AjleHuH 0,337 0,424 2486 3116 
LlutTo3uH 0,196 0,250 1764 2294 
Ypaunn | 0,178 | 0,250 1587 2333 
Tumun 0,096 | 0,238 769 1094 
WM MMPHMHAWHOBBIX OCHOBaHMM Y MUKPOOOB. OObeKTOM paOOTHI C1yKHI TepMOE 
(pHUIbHbIH MpoTeosMTMYeCKHH Bapuant Bacillus mycoides, BprqenteHubrii C. 3. Bpo} 
IKOli H3 OCaKa CTOUHBIX BO, COpaxkHBaeMBIX B TEPMO*HJIbHLIX MeTaHTeHKayh 
(1). Kyaprypa Bac. mycoides BpipamuBaacb Ha MACO-NenTOHHOM OysboHe* mpr} 
58° B Teyenne 12 vac. u mpu 44° B Teuenne 18 uac. [pu stom B O6oux BapnaHTax| 
cTaqMH pa3BHTHA ObIWIH OJMHAKOBBIe. 

Craquu ycTaHaBJIMBalHch NO MopdosoruyecKohH XapakTepHcTHKe KyJIbTypb} 
MyTeM NOfcueTa pasJIMYHBIX (OPM: NasloueK, NamoweK co cnopaMu Hu cnop —F# 
B Kamepe Toma (°). Lludpospre JaHHbie MpHBesenb B Tab. 1. 

V3 anupix Tad. 1 cmeqyer, uro MopdosioruuecKad KapTHHa KYJbTYpHI,t 
BbIPAalleHHOH Mp O8°, NOTH TakaA xe, KaK M KYAbTYPbI, BbIPAaleHHOH mpu 44°, 

BaktepHasibHad IWIeHKa MpPOMbIBaaCb BOOM OT OCTATKOB KYJIbTYpaJbHOHI 
2KHIKOCTH HM BO3MOKHBIX NPOAYKTOB aBTOJIM3a, 3aTEM BbICYINIMBaach CIUPTOM) 
WM OKOHYATEIbHO JOCYIMIMBaach B BAKYYM-9KCHKaTOpe. OTMeeHHe KYJIbTYpauib- 
HOH XKUAKOCTH, BOB H CNMpTa OT OakTepHasIbHbIX Tel MPOM3BOMNOCh myTeM! 
WeHTpudyrupoBanua mupH 2000 06/mun B TeyeHve 5 MuH. 
'  _TIpu pacuere coyepxkaHHaA MYPHHOBLIX H NHPHMHAMHOBEIX OCHOBaHHH B 6aKk-} 
TepMaJIbHOl Macce IIpHHUMAaJICA BO BHUMAHHE BEC BeMLeCTB, NepewenWINX B CHUPT.| 
J{1A STOTO M3 CHMPTOBbIX WeEHTPUyraTosw CHUpT OTTOHAJICA B BAKYYMe, H OCTAaTOK} 
wrens B ocraTke IlypHHOBEIX MH NHPHMHMHOBBIX OCHOBaHHE OOHapy2KeHO! 
He ObIUIO. 


hh 78,3 15,2 | 6,5 


* 1 . 
CocTaB MNMTaTebHOH cpesbl: MenToH Xotuurepa 200 ma, MacHas Boga 3/, 400 ma, Bogo-! 
npopofvas Boga 400 Ma, NopapeHHad cob Or. 
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| 
_ Tlypwuospre 1 DHpHMHMHOBbIe OCHOBAHHA ONpeseANCb B OakTepHaJbHOr 


macce XpOMaTOrpadHuecKHM MeTOJOM Ha 6ymare (°°). 40—80 mr OakTepHalb- 
HOH Maccbl c BlaxHocTHIO 11—12,7% rugpoums0Banuch 56%* HaqXJOpHOH 
KUCIOTO‘. Ha 10 mr maccpl Opanocb 0,2 Ma KuCMOTH. TuypomHs BeICA B TIVJIOTHO 
3AKPHITOM OioKce pu 105° B TeuenHe 2,5 ac. Y Ka3aHHoe BpemaA JaBalo HavOOb- 
IMM BbIXO OCcHOBaHHH. [lo OKOHUAHHM THApOMM3a THApOMM3aT CPUMbTPOBAJCA, 
pasOaBaica B 1,5—2 pasa MucTHIupo- 
BaHHOH BOOM, NOBOAMICA NO OMpesemeHHOrO 
o6bema HM CAYKN WIA aslbHeHwmMx aHa- 
‘OB. 50—100 psa ruaqposmsata HaHOCHJIOCh 
Ha nowockH Oymary (As XpoMaTorpaMM TIIpH- 
-MeHAJIACb JICHHET packaA Oymara Nee 2, 11po- 
piTad Bomolt, 2N ykcycnort KUCIOTON, 
JMCTHIMpOBaHHOH BOLO HM ONAHCTHATOM. 


Puc. |. Tyannu u aleHuu (cBepxy pHu3) Puce. 2. Tyan, afeHwH, WH- 

B pacTtsoputere Kup6n (Herat) TO3HH, ypallusl, THMHH (cBepxXy 

BHH3) B CMelUaHHOM pacTBOpH- 

Teme) (HeraTuB ) 

(6 
Hucxonsuaa xpomatorpamMa pasroHamacb B pacTBopHTesle Kup6u (°) 
(MeTaHo.l, HCl, H,O c o6bemnbim oTHOmeHveM 70 : 20: 10) B KaMepe, HaCBILIICH- 
HOH TlapaMH MSOMpomaHosOBOrO pacTRopuTeNA (°) (asonponanon, HCl, H,O 


* TIpu rugpomuse 72% HaqXMOpHOH KACAOTOH MpouCXOAUT YaCTHHOe paspyuenue ryaHina. 
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c OGbeMHEIM OTHOWeHHeM 170 : 41 : 39). Ikcnosuiua 6—8 vac. IpH TemMeparypel/ 
18—20°. B  pacrsopurene Kup6u afeHHH xXOpomlo OTXOJM OT ryaHuHai 
(cm. puc. 1), ofHakKO THMUH OOBITHO Ie BMecTe c PpoHTOM pacTBopuTelsA. 1130-4) 
MpOMaHOJOBbIi PaCTBOPHTeNb 3aepxKuBaer yxoq THMMHAa. Ho mpH ynorpebe-}j 
HHH OJHOTO H30MpoOnaHOJOBOTO pacTBOPHTeIA TyaHHH MIOXO OTXOAUT OT ale}i 
HuHa. B pe3syibTaTe yka3aHHOM KOMOMHAaLMH JBYX pacTBOpHTeeH rHApomHsaih 
pasroHAeTcaA Ha BCe NAT OCHOBaHHH. IlopayoK pacnoJoxKeHHA WATCH Ha XpO-|P 
MaTOrpaMMaXx CBepXyY BHH3 Obl CJIeAYIOUMH: TyanHH, aleHHH, WHTO3HH, ypallMl.\i 
THMHH (CM. pHc. 2). 
Tlonyuennpie xpoMaTorpamMbl (boTorpadupoBasucb B  yYyJJbTpacpuoue-ji 
TOBOM cBeTe. B KaueCT-}f 


JIeTOBBIX JyueH ynoTped-} 
JIAacb pTYTHO-KBaplle-\i 
Baa mamma IIPK-4. Ily-)) 
PHHOBbIe H TMPHMM IMHO: | 
BbIe OCHOBaHHA HMEerOT/S 
MaKCHMYM _ HOTJIOULeHHA 
B JWIMHax BOH OT 280—f) 
250 my. Ora oGmacrEp 
BLIJeAaCb C MOMOLLbICIL 
CBeTOPHIbTpa, KOTOPBIM# 
CJLyKNJa KBaplleBaH Kto-P 
BeTa jJWIMHOH B 7,5 CM,) 
Puc. 3, Hosutupnoe (a) u HeraTHBHoe (6) u306paxKeHHe HAHOJCHEAA ~X10pO™ aa 

MTeH ryaHHHa HM asleHuHa (cBepXy BHHS) Opomom. (IIpumenenuen 
OMMCaHHBIX B_ JIMTepa-f 


c mamno TIPK-4 (*).) BymMaxnasa xpoMaTorpaMMa HakJlabIBalacb Ha Oco6o)) 
KOHTpacTuyto (boTobymary Ne 7 wu oOmyyasacb 1,5—2 mun. pu 3a Ha paccTOAHHH|E 
3,84 m oT samnbt. Iloce oO6yueHuA choTOOyMara MpOABANAacb, Kak OObIMHO.fi 
IIpH HakabIBaHHH XpOMaTOrpaMMbI Ha OCOGO KOHTpacTHble HanO3HTHBHBIelE 
OTOMIACTHHKH MOXKHO NOJYYUTb HeraTHs (cM. puc .| u 2), ac HerO NO3HTHBHOE 
H300parKeHHe MECT JOKaJIM3alM WyYPpHHOBbIX H MMPHMMAMHOBBIX OCHOBAHHH B BH- 
We TEMHBIX MOJIOC WIM MATeH (cM. puc. 3). B JabHelilieM Take NATHA MOLYT OBITbIe 
MCMOJIb3OBaHbI AIA (POTOMeETPHYECKOLO OMpeseeHHA KOHLCHTPalu MypHHOBBIXs! 
HW MIMpHMUAMHOBBIX OCHOBaHHH. JIA KOJIMYeCTBEHHOFO ONpeleseHHA OCHOBaHHE| 
XPOMATOrpaMMbl IIPOCMaTPHBaJIHCb Ha ybTpaxumucKkonoM (*). IlatHa, coorT-{ 
BeTCTBYIOUNMe OCHOBaHHAM, OOBOHJIHCb HM BbIpesaucb. OXHOBpeMeHHO mpo-{j 
BOJMJIMCb WM KOHTPOJIbHbIe ONpeweleHua. DoTorpabuw xpoMaTOorpaMM B 3TOM) 
cilyyae MoMoraioT Oovlee TOUHO OOBeECTH NATHA OCHOBAHHH, TAK KaK MeTOX coro-| 
rpaupoBaHHA B YJbTPaPvOMeTOBHIX Jyuax Goulee UYBCTBHTeeH, YM BH3YaJIb-} 
Hoe HaOJoqeHHe Mp MOMOWIM ybTpaxumuckona. [3 BplpesaHHbIX NATeH MypH- |e 
HOBbIe H MHPHMHAMHOBbIe OCHOBAHHA SJIOMPOBaHCb B 5S Ma 0,1 N HCl (°) npu} 
KOMHATHOH TemMepatType B TeyeHHe 24 vac. KontenTpallua OCHOBaHHM M3Mepaz-| 
JlaCb M€TOJOM MaKCHMaJIbHOM SKCTHHKUMM Ha ClleKTpodoTometpe C®-4 B KBap-} 
WeBol KioBeTe TOMUMHOH B 1 cm. KomuuecTBo OcHOBaHHH, COepKallluxca BOaK-f 
TepHasIbHOH Macce, PaCCUHTHIBaIOCb NO cueqyroulel dopmyue (5): 


[E; — E,] MA 
——3B 100 = conep2kanne ocHoBaHHA B %, 


rge £y)— mokasaHua kouTpoma, FE, — noka3anua onpita, M — monexynap-| 
HI Bec OCHOBaHHA, B — HaBecka OakTepHaMbHOli MaCCHI B MATHe, HAHECEHHOM } 
Ha XpoMaTorpaMMy, e — MUJWIMMOApHad 9KcTHHKUMA, A — pa3Benenue.) 

{1 Toro ¥TOGbI YCTaHOBUTb NOJIHOTY S/O POBaHUA, a TaK2Ke YUeCTb BOSMOX- | 
Hbl€ NOPPeWIHOCTH NpH ynoTpeOeHHH OyMaxKHBIX XpOMaTOrpaMM, OBIIH nosy- 
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eHbI COOTBeTCTBYIOULME€ XpOMaATOrpaMMBbI C PacTBOpaMH UHCTHIX OCHOBaHHH 
R3BeECTHOH KOHICHTpalluH. B pesyJIbTaTe ObIIH BbIACHeHBI NOMmpaBKH Ha H3BJIe- 
faeMOCTb OCHOBaHHH (%): 
| Tyanuu 80,35 
A \eHvH 104,8 
Llurosun SiO) 
Y pan 90,0 
TuHMuH SPA 


IlpH pacuere MypHHOBbIX H MMPHMHHHOBbIX OCHOBAaHHH B OakTepHabHoli 
facce ObIJIM MpHHATEI STH NonpaBkH. PesyabTaTb! ONpeseneHnit cosepxaHnA 
ly pHHOBEIX M MHPHMHAHHOBIX OCHOBaHHii B KYJIbTYpe, BbIPalleHHOH mpu 58° 
pu 44°, nanpr B Tan. 2. 

M3 awnpix Ta6n. 2 MOoxHO BUeTb, UTO C NOBBIMIeHHeM TeMMepaTypbI OT 
A no 58° cHyKaeTCA OGuee KOMHYECTBO MYPHHOBBIX H MHMPHMHMHOBBIX OCHO- 
aHHH MmpumMepHo ua 38%. 

CoflepxkaHve KaxKJOrO OCHOBAHHA B OTJEIbHOCTH MeHbIIe B KYJbTYype, 
pipaluleHHOH mpH -+-58", yeM B KysbType Bac. mycoides, BbIpameHHo mpu 
*. TemnepaTypa cama Mo ceGe ecTb tbakTOp, yCKOpPAIOMIMit xumuuecKHe (pep- 
CHTATHBHbIe PeaKWMH, a CJIeOBATeIbHO, OMOIOrMyecKHe mpoleccht. Tlostomy 
O3MOXHO, UTO B JaHHOM CJlyu¥ae YMCHbINIeHHe KOJIMYeCTBa NYPHHOBbIX HW MMpH- 
IMJMHOBLIX OCHOBAaHHH TIpH NOBbIMIeHHH TeMNepaTypbl BbIpalluBaHHa Bacil- 
lis mycoides o6bacuaeTcA TeM, 4TO MOBBINeHHaH TeMMepaTypa 3aMeHAeT 
laCTH4UHO (PepMeCHTaTHBHYIO AKTHBHOCTb HM 9HEPIHio, KOTOPbIe CBA3AHBI C MPHCyT- 
TBHeEM 9STHX COeIHHEHHH B MMKpOOpraHH3me. 

Astopp! Oviarofapsar ui.-Kopp. A. A. Mmurenekoro u C. 3. Bpouxyro 3a 
peqocraBJleHve ITaMMa TepMOduJIbHOrO MpoTeosHTHYeCKOTO BapHaHTa Bacil- 
lis mycoides. 


MockospckHi TrocyJapcTBeHHbIit yHMBepCHTeT Ilocrynuao 
um. M. B. Jlomonocosa OnlxXee9a7 


S 


LWHMTHPOBAHHASA JIMTEPATYPA 


' 1C. 3. Bpowxkaa, Tepmodunpubie mpoTeomuTu4eckHe OakTepHuN HM COXpaHeHlie UX Pep- 

HTaTHBHOH akTMBHocTu, KanyusatcKad mucceptauna, Mucr. Ouoxumuu AH CCCP, 1946. 
E.M. Bp ymO6epr, Yen. cus. wayk, 48, 8. 4, 600 (1951), * A P.la6e, Muxpo6nono- 
it, 26, 109 (1957). 4A.B. Koteabuukosa, Yen. cospp. Onon., 43, 133 (1957). 
JeDorough, D. Seaton, J. Am. Chem. Soc., 76, No 11 (1954). © H.S. Kirby, 
ochem. aud Biophys. Acta, 18, 575 (1955). 7B. Markham, D. Smith, Biochem. J., 
>, 294 (1949) ® M. Ogur, G. Rosen, Arch. Biochem., 25, 262 (1950). °G K. Wyatt, 
e Nucleic Acids. Chemistry and Biology, 1, N.-Y., 1955, p. 243. 
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3. MW. 3AMUWEBA u K. JI. MOBOJIOWKAA 


PHBO®JIABHH, OCBOBO)KJAEMbIM H3 PACTHTEJIBHbIX BEJIKOB). 
BbIJIEJIEHHBIX 0,2% NaOH if 


(IIpedcmaeaeno axademuxom A. JI. Kypcaxosoim 1 X 1957) 


B npempiyuyux cooOujenuax (+) ObvIO NOKasaHO, UTO B PaCTHTe/bHbIX THY 
HAX B 3HAUHTEIDHBIX KOJIMYeCTBAX IIPHCYTCTBYeT MPOUHO CBASAHHBIM Cc OeNKe 
puOodmaBun, ocBoOoxwaeMbli MyTeM MpOTeOH3a B UIeOUHBIX YCJOBHIO 
(pH 7,8). Paspa6oTaHHble HaMM XMMHYeCKHe HM MUKpOOHOJOTMYeCKHe MeTO, 
(?) pa3qebHoro onpeseseHuA pasIMUHbIX :opM PHOodaBuHa aH BO3MOf 
HOCTb YCTaHOBUTb UX pacnpocTpaHeHve. B XMBOTHBIX TKAaHAX Ha JOJO mph 
HOCBASAHHOH (bopMEI MpuxoguTcA Hub 1O—25%, B Tpow2xKax HW HUSWIMX py 
KaX 3TOM CbOpMbI COBCeM He OOHApY2KeHO, B PaCTHTEJIbHBIX %Ke OObEKTAX Off 
IWMpoKO pacmpocTpanHeua. | 

Oxas3aslocb, 4TO Ip MpopacTaHHH CeMAH, CO3peBaHHH MIOJOB U OBOL 
MIpOWCXOAMT yBeMYeHHe COJepxKaHHA MPOUHO CBASAHHOM CopMpl pHOodiaBure 

B TO BP€MA KaK IPH XpaHeHHu TW} 

Ta6auna 4 JOB H OBOLeH HaOMOWaeTCA ee YMEE 

Conepxkanve puOodnaBuHa B 6eIKOBLIX (dpak- meHHe. 
WMAX MWeHHuUb! (B ur Ha 4100 r) IIpu BbIJeEJICHHH WpenapaToB 3T 
(popMbr pHOodiabuHa 3 pacTuTesp 


36 2 é HbIX OOB€KTOB puoopiaBiH OTILIG 

SS, ee | 6 IWIAeTCA OT OeNKOBOH MOseKYJh 

Ppannas 25 aS 3 8 B Bue PlaBHHayenhy MUHYKIeOT a 

522 | of 9 MH, MO-BHJHMOMY, ABJIAeTCH Mpoc pt 

BEE za | Ff THYecKOH rpynnok Tex depMeHTch 

pated (P=? S KOTOPbIe MpO¥HO CBH3aHbI C Ke 

TOUHBIMH cTpyKTypamu. II pam 

Bonuaa 45,5 — | 45,5 fOKasaTeIbcTBa STOMY OBIIM mnouilP 
ipeseeee iaege yee ret YeHBI IPH M3yyeHuu mpocTeruul: 
Osraror aienen Dae ee ae ; cKO rpyubl CyKUMHWeru yp asl E 
yeHua6enKkoscnuptom| 6,87 | 1,25] 8,12 Hatbueltume Hamu uccleqoBanie 

Obl HallpaBJIeHbI Ha BLISCHeHHe pee 

mpelesieHHA MpOuHO cBAsaHHOH 

Beero 85,87 | 498,70 [544,57 Genxom opMEI pHOodiaBnna B ae 


NeMbHbIX OeIKOBLIX pakWHAX. jf 

B kayecrBe o6bexkTa Oba BEIOpaHa MMenuttla (copr Mocxoska). M3pneuen® 
OeIKOB U3 pasMONOTOL MUeHHLE npoHsBOAMIOCE 9KCTpakuMe Ha xosORy rf} 
CNEOBATCIbHO JMCTHIJIMpOBaHHON Bonon, 5% NaCl, 0,2% NaOH u 70% stuns 
BbIM CIIMPTOM. B noJlyuenHblx 9KCTpakTax MpousBORMTOCb Onpedemenue putt 
(blaBuHa O€3 MpoTeowmMsa (KUCIOTHO rupomUsyemaa (popma) Hc Nporeomnaill 
(mpouHO cBx3aHHaa cbopma). Tlomyuennpre Pe3YJIbTAaTLI NpPWBeseubI B TaGu. fe 
M3 ra61. 1 BuqHO, uTO O6mee cofep»Kanne pu6odiaBuHa BO BCeX OeKOBID 
pakuuax coctapnner 544,57 yr, M Mp sTOM HanGombINee ero KonuuecTs 
oOnapyxuBaerca B MlelOuHO-pacTBopumok dpakuun. IIpu onpenetennu puch 
(ilaBuHa B TO 2Ke MIMeHHe HM TeMM 3Ke MeTOJaMH, HO 6e3 (ppaKWHOHHpoOBaH fi 
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6eKOB ObiIo OOHapyxKeHno HIN 20 ur Ha 100 r, 43 KOTOpBIX Ha JOJO MpOuHO CBA- 
3aHHOK @opmpr npuxogutcs 110 ur. Tlomyuennpie pesybTaTet NOKa3bIBaloT, UTO 
B PaCTHTCJIbHbIX OOBEKTAX COep2XKUTCA 3HAaAUH- 
TeJIbHO OoJIbIue pHOodiaBuHa, 4eM STO yflaeTCA past Naren cee 
oOHapy2KUTb pavee NpHMeHABLIMMHCA MeTO,aMH. Soni onerau cree roi 
asa BbIACHCHHA OITHMaJIbHbIX YCJIOBHH lle- pHOopuaBuHa B WesOUHOL (0,2% 
JOUHOFO M3BedeHHA pHOodiaBnHa H3 menue NaOH) seiraxKe u3 mmeHMUBI 
OHa HacTauBalacb c pacrBopamu NaOH pa3anu- (8 urna 1 r) 
HOM KOHICHTpallMu pa3sHoe BpeMA HU pu pasnor 
Temniepatype. IIpu stom HaMOombiee coqep2Ka- | MuxpoonosnoruaeckHhi 
Hue pHOodpiaBHHa yaBaJlocb OOHAPYyKUTb B TeX ee nis 
clyy¥aix, Kora MaTepHall MofBepraicaA Hactau-  °'"**| MeTOA Ine o6aysen-logayuennan 
Banuro c 0,2% pacrsopom NaOH mpu 0° B Teue- eA | BbITA@KKa 
Hue 3 yuac. B TemHoTe. JI14 ocBOG60xXTeHUA U3BuIe- ; 
yeHHOrO pHOo*laBHHa OT CBA3H C OemKoM pH 
BBITAXKKH HeOOXOMMO oBecTH oO 8,0, u BBI- 
TAXKKA NOJOKHA BbIJepXKUBATbCA pu 37° B TeM- 
HoTe B TeyeHne 72 uac. KakoB xXapakTep mpollecca oTulellenua pudodiaBuHa 
OT Geka, elle He ACHO, HO OYCHb BarxKHBIM YCJIOBHEM ABJIAeTCH NoOALepxKa- 
/HHMe OMTHMaJIbHoro pH. 
Bprcokoe cofepxKanuve pu6odlaBuHa B MWeHHWe, MpeBocxoAsulee BO MHOFO 
pa3 U3BeCTHHIe paHee BeMUMHI, NOOYAHIO Hac MpOBecTH NpOBepoUHIe OMpe- 
JeJIEHHA Ero MUKpOOMOIOrMyecKuM MeToOM. Lain 
TaOnuua 3 KOHTPOJIA pHOO*MABHH B WapaJVJIeIbHBIX BbITAK- 
Coyeprxanne puCopapHHa B pa-~ «ax nosBeprasicd paspywieHHuto ybTpaduovero- 
| CTHTCJIBHbIX oObeKTax, onpezeJAe- 
hoe px pasmanwx cnocobax  BbIM oO y4eHHeM B TeyeHHe 3 uac. npn pH 12. 
u3Bueuenna (B Ur Ha 1 Pr) Ilomyuenuple JaHHble TIpHBeeHbI B TAO. 2. 
Kak BHJHO 43 TIPHBeJCHHbIX JaHHbIX, MUK- 
poOuomornueckhe ONpeseseHHA NOJIHOCTbIO MOs- 


RAO gies a, PY 


11,0 13,0 Cuegbi 
10,0 12,7 0 
10,4 2 0 


CON 


Ulenou- 


Bell nro 60. | resem: Han sks TBEPAMH aHHble XHMMYeCKOTO aHamusa. B 06- 
ese Noi WHA JIYYCHHbIX BbITAKKAX, KaK HW CJeCOBAIO OKH- 
aTb, pHOodsaBHH He Obl OOHapyKex. 

Jlamee MbI onpefenuau cofepxxaHne pu6o- 
eo ie 3'5 es (bilaBuHa B HeKOTOPBIX APyrux PaCTHTeJIbHbIX 
Kyxypysa| 078 | 813 | 13,2 OObeKTAX. Onpejlesienve Be0ch CleLyIoulHM 06- 
Cema nlon- pasom. lismebueHHbIli MaTepMadl HaCTaMBaJIca Cc 

comHe4d- 10—15-kpaTupm xKomnuectBom 0,2% NaOH 
nuka =| 2,4 | 5,0 | 15,4 mpH 0° B TemHOTe BTeveHHe 3 uac. NpH NepHodu- 


YeCKOM NOMeIIHBaHHH. OctTaTOK OTJeAJICA WeHTPHPyrMpoBaHHeM HM OTOPacni- 
Baca; pH OeKOBOH BbITAKKH MOBOMMICA WoO 8,0, BHITHKKAa BIePpRUBaMACh 
72 uaca mpu 37°, OTPHLTPOBHIBalacb, HM cOsepxKaHHve pHOodaBuna onpesensa- 
JOCh ilyOpOMeTpHY4eCKHM MeTOJOM. 

Kak BUAHO M3 Ta6u. 3, IpHMeHeHHe WeNOUHOM OOpaooTKH WIA USBIeUeHHA 
pu6odpmaBuna NO3BONHIO OOHAPyXHTb HU B APYIMX PacTHTeJIbHbIX OObEKTAX 
3HAYHTeJIbHO OO/bIIMe KONMYeCTBa puOodiaBuHa, YeM OMpeselANOCcb panHee. 

TlonyueHHbIe pe3yJIbTaTbI OTKPbIBaOT HOBbIe NYTH UCcMeLOBaHuA pUOodpula- 
BUHa H 3aCTaBJIAIOT BHOBb IIpepeCMOTPeTh Hall NpeACTaBJeHHA O COMepKaHNH 
pH6odiaBuHa B ero eCTECTBEHHbIX HCTOUHHKAX. 

Viucturyt 6uoxumun um. A. H. Baxa 

Axkayemuu Hayk CCCP Tocrynuao 


Uucruryt cbusnosornu pacrenuli um. K. A. Tumupssesa 27 VIII 1957 
Axkaylemuu Hayk CCCP 


WHMTHPOBAHHAA JIMTEPATYPA 
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Jloxkxanm Akayemuu nayk CCCP 
1958. Tom 118, Ne 2 


BHOXHMH A 


CPABHUTEJIBHOE HCCJIEMOBAHUWE BEJIKOB CAPKOTJIA3MbI Mi 
CKEJIETHbIX, CEPXEYHbIX WH PJIAXQKHX MbILIL YEJIOBEKA 
WU HEKOTOPDBIX )KHBOTHDIX 


(Ipedcrasaeno axademuxom B. A. Dxeeaveapdrom 17 VI 1957) 


B Hacroslilem CooOmleHHM U3araloTCA pesyJIbTAaThI HCCIeEROBAHUA OeKOBIE 
CapKOMMa3MbI CKeeTHOH, CepeyHOM uM TiaqKOi MbIMeYHOW TKAHM YesOBeKa le 
H HEKOTOPbIX 2KHBOTHDIX. 

CpaBHUTeIbHO XOpOUlO H3yYCHhI COKPaATHTeAbHBIe OelKkH yOMA-| 
HYTHIX BbILWe MIM. Pa6oramu pagza aBTropos (!~*), MOCBAIeHHBIX MCCJIeqOBa- 
HHO IIPeMMYI[eCTBEHHO KOHTPaKTHJbHBIX O/IKOB, ObIIO MOKasaHO, YTO HapALy F 
CO 8HAUHTCIbHBIM CXOJCTBOM OeJIKOBOrO COCTaBa TlepeUMCJeHHBIX TKaHelt Ha- |B 
6OMAIOTCA M CYyWIeECTBeHHble PasIMYHA MEK LY OTICbHBIMH BULAaMM MBILLIL. O 
Tak, u3y4eHHe COKPaTHTeJIbHbIX OCJIKOB CKeJICTHBIX HW CePACUHBIX MBILLII M0Ka- Bi 
3amo (1, °, °), uro oO6pas0BaHHe OCHOBHOTO COKPaTHTeJIbHOrO OeIKa — aKTOMH- I 
O3MHa MOXKeT HaGsOLaTbcA MPN MepeKpecTHOM COeAHHEHUM erO KOMMOHEHTOB 
(MHO3HHa MU aKTHHa), BbIMeJICHHbIX 3 CKeJICTHBIX HW CEPMeCUHBIX MBI Kak ve-; 
JOBeKa, TaK HW Pa3JIMYHbIX BUAOB %KUBOTHBIX (MO3BOHOUHBIX H OeciMO3BOHOU- ik 
HBIX). 

OTO TosBoHIO Ham (°) BbICKa3aTb TpeAMONO*KeHHE O TOM, UTO, 10-BUAM- | 
MOMY, AKT COKpallleHHA OCYUIeCTEIAeTCA OeIKOBLIM KOMIJI€KCOM, COCTOAIIMM. 
M3 MpOTeHHOB (aKTHHAa WM MHO3HHA), COOTBETCTBeEHHO OOaatoulux psxAOM! 
CXOMHBIX (PUSHKO-XMMMUYCCKHX CBOLCTB, HeE3ABHCHMO OT TOO, NOJyYeHbI JIM OHM 
U3 YeMOBeYeCKOrO OpraHH3Ma WIM %KMBOTHBIX Pa3sHbIX BULOB. OHOBpeMeHHO 
ObIO MOKa3aHo, YTO CepAeyHaA MbIllIla OTAMYAeTCH TEM, YTO IPH DIMTebHOM 
XpaHeHHM COKpaTHTesbuble OeKU B Hel MeHee ycTOHuHBEI. Bomee ycroiunsE- | 
MH, Kak OblJIO MOKa3aHO, B 9THX YCJIOBUAX ABJIAIOTCH COKPATHTeIbHbIe OeKH 
CK@JICTHBIX MBI. Bio TaKXKEe BLICKASAHO COOOPaxKeHHe O TOM, 4TO Cepeu- 
Has MbIlIia MO COMepxKaHlO B Hel OHOFO U3 KOMMOHECHTOB AaKTOMHO3HHOBOrO 
KOMIWIeKCa (akKTWHa) ycTyNaeT CKeJeTHOH MH 3aHHMaeT B 3TOM OTHOIIeHUH 
TIPOMe*KYTOUHOe TMOJORKeHHE MeXKY CKEICTHBIMH MBIMMaMH MW Tia_Koii To- 
HMYeCKON MyckyJaTypol mNosBoHouHEIXx (*). B noceqHeli 6eKH akTOMHO3HHO- 
BOrO KOMIWIeKCa NPHCYTCTBYIOT JIMLWIb B OTHOCHTCJIbHO OUCH HE3HaUHTeJIbHOM 
KommuectBe (?). Takum o6pa3som, psqOM paGor noKasaHo, 4To HapsaAy co 3Ha- 
THTCIbHBIM CXOJICTBOM COKPATHTeJIbHbIX OCJIKOB CKeJeTHBIX, CePMCUHLIX HU 
rlaqKUX MBI CYHleCTByeT 3aMeTHOe pasvnune. 

SHAaYHTebHO MeHee H3yYeHb] PACTBOPUMBe GeaKU CapKola3MbI 
PaSHbIX MBI, YeOBeKa Wi AKMBOTHBIX, MMelommecsa B MTepatType WaHHBble He | 
TOSBONAOT MOYYHTh MpencTrapsenue O XapakTepe H3MeHEHHA OeKOB u dep- 
MCHTHBIX CHCT€M CapKOMIa3Mbl B 3aBHCHMOCTH OT BUA MBIlUeuHOl TKaHH | 
(cKeleTHad, CepeuHad HM riankas). OOpamjaer na ce6a BHUMaHUe H TO, ¥TO | 
MMCIOUMMCCH CHHMHMYHbIC UCCICROBAHUA MPOBeAeHbI MPeCHMYLIeCTBEHHO Ha xu 4 
BOTHDBIX. 

_ B uactostet pa6ore u3iaraiores pesyabraTet MHKPO3JeKTpodopernye- 
CKOTO H3Y4CHHA PAaCTBOPUMBIX OeKOB — cbepMeHTOB (ambsONA3sH, TIMMEp asib- 
AeruAMeTUApasHl, POcpopwasbl H MUOabOYMHHA) MBIWIeUHOL TKAHM deOBe- 
Ka M HCKOTOPHIX MCKONMTaIoulMx H nTM. Mccaeqopannio Mo_Beprauch cKe- 
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WI€THbIe MBI! KOHEYHOCTeH (B3POCJIbIX HM SMOPHOHOB), cepfeuHbIe MU TayKHe 
MbILUMb! (MOUCBOH Ty3bIpb HW 2KeYAOK BSpPOCuBIX). 

_ MetoguKa pa6oTs! noxpo6xo onucana B Mperiyuem coo6menuu, nocss- 
€HHOM HCCeOBaHHIO GeKOBOTO COCTaBa MbIIIe4YHOH TKaHM B OHTOreHese (’). 

MbI HCXOJHJIM H3 NOATBEPAMBWErOCA pesybTaTaMU YaHHOli padore! AOnyule- 
HMA, UTO KOMeOaHHA B PaclipemeieHun GeKOBbIX (bpakIlHii B PaSHBIX MBILIax 
ppatioro Bula XMBOTHBIX 3HAYMTeJIbHO MPeBbIWaloT KOeOaHHa, OOYCIOBJICHHBIC 
MBHOBbIMH pa3JIHUHAMH. 

B cOOTBeTCTBHH C 3THM ObIIO MPOBeAeHO CpaBHUTebHOe UCCEMOBaHHe SeKOB 
apKONJa3MbI CKeJIETHBIX MBI YeIOBeKa*, MJICKONMTAIOULMX KUBOTHBIX H MITHIL 
O6e3baAHa, COOaKa, KPOJIMK, MOPCKas CBUHKa, Kpbica, Kypulla, rosy6b); cep- 
eUHBIX MBIWIN YesIOBeKa HM KUBOTHBIX .(KPOJIMK HM COOaKa); rlaqKHX MBIILII 4e- 
MOBeKa, MJICKONHTAIOWMX 2XKABOTHEIX M ITH, (OOe3baAHa, KPOMMK, royOb) 
MBILUIL SMOPHOHOB 4“eOBeKa. 


Ta6muna 1 


WPacnpefedenve OeNKOBLIX (PpakUHi B SKCTpakTaxX * MbIIUL CKeJICTHbIX (B3POCJIbIX H 9MOPHOHOB) 
CepeuHbIX HW TvlaqKHX (cpequHe JaHHBIe B MpowenTax) 


MblWwubl B3pOCMbIx Mobius! SMOpHOHOB ** 
CKeJIeTHBIE cepyeuHpie raaqKue CKeJIeTHBIe 
S so | w wo 
1 as os] a2) yap S = wet a> . a hos Bs a 
Seetia |e) laser ne |S dceta| ceesle see ole 
SGefl|E (6 |SS58/= (6 |8oese/5 |S | 8e5el= | & 
Baa | a Soa | a a Root | & a Soot | & a 
gess|3 | 8 geisle|s gsiel6 |s gee | 6 a 
225,|8al8o|ee5a1 sa] ea] 2e6-/8el Ss] oe5.| 8s) es 
ates |6f|S2/8+88)/ 62] SS] 3+88 elec gatas je] s= 
70,9 |23,9/5,2] 61,0 |27,0/12,0] 42,5 |24,0133,5143 27 ,5/29,5 
63,0 |34,0}6,0 — — | — | 47,5 |34,5/48,0}) — _ 
77.0 |48,0|5,0| 67,0 |22,0)11,0] 54.0 136,0/15,0| — as Hee 
71,8 |23.215,0] 67,0 24,0] 9,0] 36,5 |45,2/18.3/25,2**#143 7/31, 4 
Sopckaad CBHHKAa Ta 2B INAS. — /35,3 |27,4)387,3 
71,2 |24,8| 4,0 — | — {28,5 = |37,9)/33,6 
69,6 |25,0|5,4 — | — |20,6 |64,3/45.4 
59.0 138,0/3,0] — | —|—|] 44,6 |40,4/15,0] — saa leis: 


* Vouwaa cua sKkcTpaxkta 0,1. 

** Cpokw SMOpHOHasIbHOTO pasBHTHA 4esIOBeEKAa WM %KHBOTHBIX CJleAyIoulMe: yYeOBeK — 
mec.; KpowuK — 24 HA; MOpcKaxd CBHHKa — 03 HA; KypHila — 19 Hel; Kpbica — 20 yHel. 
*** Tlannple H3 pacotp (‘). 


Ilpu pasqeneHuu pacTBOpHMBIX Oe/1KOB CapKOAa3MbI METOJIOM Su1eKTpodopesa 
ua Oymare (°,°), Hamu ObIJIM BbIZeeHbI TpH OCHOBHBIe (paki: |—aubyonasa + 
+ riulepalibleruameruapasa (n + m-+ 1), Il — hochopunasa (k) wu III — 
MHOasbOymMuH (h). ’ 
TlowyueHHple HaMH JaHHble O COJepxKanHHN OemKoBHIX PpakuMi, 9kcTparupye- 
MBIX OytbepoOM HH3KOM HOHHOH cur (0,1) 43 MbIIUI, YeOBeKa U XKMBOTHBIX (CKe- 
€THBIX, C€PAeuHbIX, TvialkUX HM IMOPHOHAJIbHBIX), NpelcTaBJenbl B TaOu. 1. 
MpuBeyenb cpequHne JaHHEre H3 5—6 oMbITOB, B Ka2KJOM M3 KOTOPHIX NPOM3Be- - 
leno 3—4 onpeseJleHHA; OTKJOHCHHA B OTCbHbIX ONpeeMeHHAX He MpeBbillaH 
0%). 

Kax culeqyer u3 TaOs. 1, HaOsIOJaOTCA BUAOBbIe PasMUHA, OTParkKatolMecs 
B 3aMeTHBIX KOJIeCOaHHAX COOTHOWCHHA OeKOB H PepMeHToOB axe B lpesedax 
OMHOTO BUla MbIIMeYHOM TKAHH YeJIOBeKa M 2KMBOTHEIX. ITO HaXOJMTCA B COOT- 
BeTCTBHU C JaHHBIMH, NOJIYYCHHBIMU B Halle NpewbAyuel pacote (*). Tak, 
B CKe@JICTHBIX MBIMax (pPpakUUA albfouaza + Tinlepambleruwernspasa (n + 


* Tpynupiit MaTepvan — CKeuleTHbIe M CepedHble MBI ose, MorMOwux OT HecuacT- 
HBIX cyuaesn — Joctasassca us Mopra Ne | Tepsoro McckorcxKoro MeIMUMECKOTO MHCTHTYTA. 
Bpemsa, mpotenimee nocme cMepTH, He mpepbillano 24 uac. Takoli cpok, kak yCTaHORerO Hamu, 
He OKa3bIBae€T BJIMAHHA Ha pesybTaTbl. 
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4m + 1) of Baa K Buy Kome6meTca B Mpegenax 59—77%, cpoctopunasa (/) 
B Ipesetax 18—38% , MHoambOyMHH (A), COOTBETCTBEHHO, 3,0—6,0%. O6paumtac! 
Ha ceOA BHHMaHHe OTH 
CHTeJIbHOe TNOCTOAHCTEL 
cpakiHu MHOaJIbOYMHHit 
Ha puc. | mpuBefena xi 
pakTepHaa 9ueKTpopopy 
rpamMMa OeJ/1KOB CkeJle} 

HbIX MBII1L 4eIOBeKa. 
Ilpu paccMoTpeHk 
JaHHBIX, MOJYYCHHBIX A 
cepeuHOH MbILILIMbI YeJ 
BeKa H 2XKMBOTHBIX, BbIA! 
JIseTCH OO/buIee MOCTOA!| 
CTBO OTI@JIbHBIX pakUy) 
Hi HECKOJIbKO HHOe UX pa 
mpeleeHve Mo cCpaBHeHu 
CO CKeJIeETHBIMH MBILUIMAaM) 
ITO OcoGeHHO OTHOCHTCA 
MHOambOyYMHHY. Tak ap 
yoma3a-+raulepasbern, f 
jerugpasa cOocTaBIAK I 
61—67%, docchopumach 
Puce. 1. Xapakrepuasa auekTpotpoperpamma (J) wu pac- 22. 027.0%. muoanbo} 
mpeqetenue Ha Head OemkoBbIxX (pakunit (//) cKkeeTHEIX : ae t 
MBI, YenopeKa (O6osHayeHuA B TeKCTe) MHH 9—12%. CepieuHb, 
MBILUIMbI YeOBeKa H pa: 


JIMUHBIX IKMBOTHBIX XapaKTepu3yiorca Ooslee BbICOKHM COJepxaHvem MHOaT 
OyMHHa M0 CpaBHeHHiO CO CKeJIeTHbIMH, YTO HaXOQHTCA B COrmacMH c J 
TepaTYPHbIMH JjaHHBIMH (°). 

Ha puc. 2 B KauecTBe IpuMepa IpuBeje- 
Ha XapakTepHad d1eKTpodoperpamMa Oe Ko- 
BbIX PpakUMH CepAeuHOH MbILILUbI YeIOBeKa. 

OnpeyeuleHHbIH HHTepec MpecTaBJAIOT 
TaHHbIe, MOUYYeHHbIe MpH UccmeqoBaHHU 
ruagKOoW MbImMeYHOH TKaHH (TaOm. 1 Hu 
puc. 3). Tak, COOTHOMIeHHe OTJebHBIX 
(ppakWH TiaKMX MBI COCTaBJAeT: aJIb- 
Noa3a-+Trinlepalbdernajeruypasa 36,0— 
54,0 % , poctbopuiasa 32 ,0O—45,3% , mnoanb- 
6ymuH 12—18%,. 

Oxa3alocb, TO pacTBOpHMBIe Ge1KH 
CapKONa3MbI TvlaKMX MBI MO xXapak- 
Tepy pacipeyqeieHua (pakiui 3aMerHO OT- 
JIMYAaIOTCA OT OGJIKOB CKeJICTHLIX —H B He- 
CKOJIbKO MeHbiueH Mepe OT cepeuHbIx 
Mplu. Ha silekKTpodboperpaMMe Oe/IKOB Puc, 9. Xapaxtepnaa saextpod ; 
rulaqKHX MbIWZ %KMBOTHBIX OOJIbUIe MHO-  rpanma (/) u pacipenareene aan 5 
albOymMuHa (12 —18%) mo cpaBHennio SKoBEIX cpakuni (//) cepzeunerx | 
co cKeleTHBIMU (3,0—6,0%) u ymMeHbueHO EO nee es 
coepKaHve aJlbNOaspl + PIMWepalblerudyeruqpasyt coorsercrBenuo, 36-1 
54% pmecto 53—77%. Mexuserca u cojep2KaHHe cbocdopua3et. Oco6eHHo yBEl 
AMYeHO COMepxaHHe MHOabOyMuna (B cpeqHem 33,5%) B raamKux MBIUIIad 
yemoBeka. B TO *%e BpeMA OOpallaer Ha ceOa BHUMaHHe GombIIO0e CXOJ{CTBI 
B paclipeyerenuu OelkoBotepMeHTHEIX (cbpaKuuii CapKOMJa3MbI B raaqKolt i 
oMOpHOHAaJIbHO CKeneTHOH MblimedHol TKaHH. Ha puc. 4 IIpHBeena ICKTPC 


(poperpamMa OeKOB CKeeTHOH MBIDIUE 9MOpHOH 
a uemoBeka (4 : 
Takxe Tada. 1). : a 
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Y 2MOpHOHOB B 3aBHCHMOCTH OT BHJla 2KMBOTHBIX H CPOKOB 3MOPHOHAJIbHOTO 
asBHTHA pakUMA abloulasa + riuWepalbseruayeruspasa cocraBlser 
0,6—43,2%; cbocdbopunasa 27,4—64,3%, mMuoamb6Oymun 15,1—37,4%. Cromb 


Puc. 3. XapaxrepHax auleKTpodoperpam- Puc. 4, XapaxTepHaa aekTpodoperpam- 
ma (/) 4 pacnpefemenne Ha Heli OeKOBbIX ma (/) 4 pacmpeyemeHue Ha Heit GemKOBbIX 
cpaxuun (//) rmaqkux MBI YemoBeKa @pakunn (//) cKkemeTHbIxX MBIT, SMOpHoHa 


yemoBeka (4-MecauHbIM m0) 


OoulbluHe KOJIeCOaHHA B COOTHOICHHN (pakUUM Y pasHbIX SMOPHOHOB CBA3aHE, 
Kak ObIJIO paHee NoKasaHo (°,"), C PYHKUHOHAIbHBIM COCTOAHHeM MbILMedHOL 
TKaHH, KOTOpOe K MOMeHTY pO2XKJeCHHA pasJIHYHO Y pa3HbIX BHJOB (3pe0- u 
/H€3peJ10 pO2KJeHHETe). 

TakuM 06pa30M, M3 MOJIYYeHHBIX B paOoTe JaHHbIX ClelyeT, YTO MO comep2Ka- 
HH1O O€/IKOB CapKOMJIa3Mbl MbIMIeUHOrO BOJIOKHa TviaKHe€ TOHHYeCCKHEe MBILIILbI 
B3POCJIbIX NO3BOHOUHBIX BECbMa CXOJHbI C SMOPHOHAJIbHbIMM CKeJIETHBIMM, UTO 
HaXOJMTCA B COOTBETCTBUH C (u3HONOTHYeCKHM THNOM MX COKpaTHTeJIbHOL 
peakluu. 
 Tlo noppmieHHomMy cojlepxaHuIo MHOalIbOyMMHAa CepfeuHaA MBIIIMa O61u3Ka 
K TvlaKHM B3pOCJIbIX H K CKeJIETHbIM 9MOPHOHAJIbHbIM HM OTJIM4YaeTCA OT CKeseT- 
HbIX MBI, B3POCJIbIX. CyleqOBaTeIbHO, HM NO cocTaBy OeIKOB CapKOma3MbI 
cepleuHadA MbILIa 3aHMMaeT MpOMexXyTOUHOe MOOXRKeHHE MeXKAY CKECTHBIMH, 
PlaKHMH MW 2MOPHOHAJIbHbIMH MBILLIMaMH. 

_ B pa6otre ycTaHOBJIeHO CXOJCTBO OeKOBbIX (paKIMH MbIMIeUHBIX TKaHeH 
(CKeleTHbIE—B3pOcJIbIe H SMOPHOHAJIbHbIe, CepeuHble WH lake) yesOBeKa U 
HEKOTOPBIX 2KHBOTHBIX, HapAY CO 3HaYMTCJIDHBIM Pa3/IMYHeM B KOJIMYeCTBEHHOM 
COOTHOIMCHHH OTJCIbHbIX paki. 

' Tloxka3aHo TakxKe, uTO KOeOaHHA B paclpeseeHHH pacTBOpHMBIX OeI- 
KOB B pa3HbIX MBIIIMaX OHOTO BUJ\a %KMBOTHEIX 3HAYMTEIbHO MPeBbIMlalOT KOJIe- 
OaHHA, OGOYCJIOBJICHHBI€ BHOBbIMH pa3JIMUHAMH. 

Msyuenve Oe1koBOro COCTaBa CaPKOMJIAa3MbI MBILLUIL ABJIA€TCA BaXKHbIM UM MIA 
NOHMMaHUA Mpoleccow pereHepallHu MbIWICYHOH TKaHM MOC/e TpaBMBI, M JIA BBI- 
ABJICHUA MyTel sddekTHBHOrO BO3ZeHCTBHA Ha MpoOlleccbl perenepalluu. 
[lentpambubli HHCTHTYT TpaBMaTOJOrHH HM opTome Hu Ilocrynno0 

Munucrepcetsa 34pasooxpanHenua CCCP 13 VI 1957 
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MW. ®. CEMU 
A3POBHbIM PIMKOJIN3 WU 3JIOKAYECTBEHHbIM POCT 


(ITpedcmasaeno axademuxom K. M. Boixoeem 3 VIII 1957) 


B nocaequee Bpema Bap6ypr pasBuBaer KOHMenuIoO, COrlacHO KOTOpOH Bow 
HHKHOBeHHE HeOMJa3M CBA3AHO C HeEOOpaTHMbIM NOBpPexeHHeM JbIXaHHA MW YCHY 
JIGHHEM TJIMKOJIMNTHYUeCKOH aAKTHBHOCTH KkKJieTOK. HenoJIHOIeHHOCTb JbiXaHHi]s 
paccMaTpuBaeTca KaK HanOoslee CYULeCTBEHHbIM (akTOP B STHOJIOTHH paka (1h 
CorjjacHo uccmeqopanuam B. A. Surembrapata u H. B. Espunnon, HenowHchl 
NeHHBIM B 3JIOKAYeCTBCHHBIX ONYXOJIAX ABJIACTCA He TOJIbKO JbIXaHHe, HO | 
aHaspoOubli riukou3. Hu ybrxaHve camo nO ce6e, HH aHaPOOHbIN TIMKOJME) 
110 MH€HHIO ABTOPOB, He MOryT CJIYXKHTb HCTOUHHKOM 9HEPIHH H CTPOHTeJbHOTY 

MaTepHasia Jia CHHTe3a OeKa UH HYKJICHHOBBIT 
umn mun KHCJIOT B PaKOFbIX KJIeTKaxX. OTOH CMOCOOHOCTEE 

PETES, o6lalaeT JIMIIb a3pOOHbIN TIMKOJIH3, KAYeCCTBEHH! 

ee OTMHUAICWHHCA OT OGBIMHOTO TVIMKOJIM3a Kak Md 

XHMH3MYy, TaK HU MO cnocoOHOcTH oOGecneunBaT? 
HCHOJIb3OBaHHe TVIIOKO3bI WIA NocTpOeHHA GemKOy 
BOH MomeKyubt (?,°). 

OTH pe3yJIbTaTH HYKJaINCb B COrIacOBaHHu 
JaHHbIMH OO SEepreTHYeCKOH NMOJIHOMeHHOCTH JIbIt 
XaHHA WM aHaspOOHOTO TVIMKOJIH3a aCUMTHYeCKH? 
pakoBbIx kJIeTOK (*). B CBA3H C 3THM MbI H3Y4HJIT 
gHepreTHyuecKHe H TviacTHyeckve NpeBpalileHua pa’ 
JHOaKTHBHBIX TJIOKO3bI H JIaKTaTa B PAKOBbIX KJIeT* 
KaX B pa3JIHUHbIX YCJIOBHAX adpallHn. 

AcIMTHYeCKHe PaKOEBIe KJICTKH MBbIINHHOH Kap- 
WHHOMBI Opsuxa (10—380 mr 6enka) unKy6upoBa- 
JIMCb C PaBHOMeEPHO MeyeHHEIMH C14 ryioKo30i WI 
JakTaTOoM upH 37° B pHHrep-GuKapOonaTe & 


aSpOOHLIX HJIM aHaSPOOHHIX YCJIOBHAX, H 3aTeM H3 


BhkaroveHue a 


Puc. 1. Bxmouenve Cl B GenKH HW HyKJeHHOBBIe KHCAOTHI B 
ACIMTHYECKHX PaKOBbIX KJICTKAX 3a cueT parMeHTOB MeTa- 
6oHsupyemblx C!4-rroKo3br u Cl4-naxTata. J — 6enoK; 2 — 
HYKJICHHOBBIe =KHCOTHI; 3 —CO, .J — C14-ratoKosa, 3 mr, 
128 THIc. HMn/MHH, aspobHo; JJ—xKax J, Ho anaspo6uo; JJ] — 

Lo W272 GES (M4 = kax J, no c DH® 5-40-* mon.; IV —C1-naxrat, 3 mr, 
ms), 128 Thc. HMn/MHH, aspo6Ho. B mpo6ax no 0,2 ma KneToK 

(17 mr Geka). Bpema uakyGanuu 60 mun. 4 — yprxaHve 


Qolxanue 


HUX H30JIMpOBaJIMCb OeNKH H HYKJICMHOBbIe KUCIOTHI (°). MccnemoBanocb BKIIO- 
ueHne Cl*-MeTKH B STH COeCAMHEHHA, a Tak?Ke B COy, BBIJeAEMYI0 B pesyuIbTAaTe 
Meixanna. U3smepanucb normomenve O, H OOpas0BaHHe MOJOUHOM KMCHOTHI. 

PesyJIbTaTH THMMYHOTO OMbITa c C!*-rqOKO30H MpefcTapsenbr Ha puc. 1, 
Iu I]. UnkyOauna paKospix KeToK ¢c C!*-rmoKo30ii npHBoAWa K MOABJIEHHIO 
3HaUHTeIbHOM PpawMOaKTHBHOCTH B OeKaX HM HYKJICHHOBBIX KucOTax. Bkmroye- 
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ue Cl* nMeylo MecTO Kak B a9POOHBIX, TaK MH B aHAadPOOHBIX yculoBuAX. B no- 
IEHEM CJLy4ae OHO ObIVIO MPHMePHO B Ba pasa MeHbILe. Tem He MeHee OUeBH AHO, 
TO aHaSpOOHbI TIMKOM3 addeKTHBeH B OTHOLWIeCHUM MacTHuecKoro O6MeHAa. 
Di oGecneunBaeT OCTaTOUHO BbICOKYIO HMHTeCHCHBHOCTb OGHOBJIeHHA Seika Hi 
TYKJICHHOBLIX KUCIOT 3a cueT C!*-pparmMeHTOB MeTaGoIM3upyeMoll rOKO3HI. 
9TOH TOUKM 3peHHA HeT KaYeCTBCHHOM pasHULbI MeExKAy aspOOHLIM HU aHaspod- 
HbIM T'IMKOJIM30M B OTHOIeCHHH UX POJIH B WwlaCTHYeCKOM OOMeHe 3/1I0KaueCTBeH- 
BIX ONyxOJleH. OHaKO KOJIMUCCTBEHHAA pa3HHlla BO BKOUeHHH C!4 n3 rato- 
O3bI B aSPOOHBIX HW aHadPOOHBIX YCNOBHAX, KaK BUHO us puc. 1, cymecTBYeT. 
HBO3MOXKHHI Be MpMuMHb! 9TOTO: |) AbIXaHHe pakOBbIX K7eTOK HesbdeKTHBHO 
B IlJIaCTHYeCKOM OOMeHe; OovIee BEICOKOe BKJIONeHHe Cl! B aspoOHbIX ycvI0- 
BUAX ONpeeAeTcaA cnelluuyeckoH poJIbio adpoOuOrO TIMKOH3a B Mpotecce 
MacTHYeCKOrO HCHOMb3OBAHHA MeTAaOOJIM3HpyeMBIxX cy6cTpaToB; 2) jbixanue 
ACHHTMUCCKHX PaKOBbiX KJIETOK [OJIHOWe€HHO B OTHOIICHHH MulacTHuecKoro 
pOMena; yBesM4eHHOe BKIOUeHHe C14 B GeKM M HYKJICHHOBbIe KUCJIOTHI B aspo6- 
HBIX YCJIOBHAX OODACHAECTCA COBOKYNHOM AKTHBHOCTbIO PIMKOJIM3a HM bIXaHus 
|PAKOBBIX KJIETOK. 

| Onpitstc C!-1akTaToM Noka3aJIv, YTO CIpaBeIHMBO BTOPOe Mpesnoso*Kewne. 
JObiwHO 9TH ONMBITEI NPOBOLHJIHChb B TOT XKe J€Hb M Ha TOM Ke KJIETOUHOM MaTepHa- 
me, uTO HW OMIT c C!4-roKo30l. OAHako BMeCTO MeveHOrO Caxapa K KJleTKaM 
joOaBuasica C !4-aktTaT, MOJISpHaA KOHUeHTpallua WH OOUad H yebHaA pazHo- 
AKTHBHOCTb KOTOPOrO COOTBETCTBOBAJIM TaKOBbIM C 14-riiokKO3bI B MepBOM ONBITe. 
IKeTKH HHKYONpOBaluch c C!*-aKTaTOM TakOe KOJIMYeCTBO BPe€MeHH, KakOe 
HbIIO HEOOXOJMMO VIA NOTIOUWLeHHA HMH KoOuHYecTBa O,, paBHOTO MOTOULeHHIO 
J, B MepBom onpite c rioKo30H. M3 puc. 1, JV BuyHO, 4TO B 9THX yCNOBUAX 
MeJIO MeCTO 3Ha¥HTeIbHOe BkuJIIOUeHHe C!4-mMeTKH B OeIKH H HYKJICHHOBbIe 
KUCJIOTLI. OTOT (PaKT yKa3bIBaeT Ha TO, YTO AbIXATEMbHbIH MpOlecc B PaKOBbIX 
NeTKax aPeKTHBeH B OTHOMeHHH MWiacTHyecKOrO OOmeHa, a OOpasyIoulHlica B 


pkom0 80% Bcero BKIOUeHHA, O6HapyxeHHOrO B Mpobe c C!*-ratoKo30H. Ofnako 
B ObITe C C!4-roKO30H JOJIA BKJIIOUeCHHA, OOYCIOBJIGHHOTO OKHCJICHHEM HOBO- 
DOpasyrioulerocnA MaKkTaTa, JOJKHA Oba ObITh He CTOJIb BbICOKa, TaK KaK B 
BTOM CJIY4ae JIAKTAT He IPUCYTCTBOBAJ B poe H3HadaJIbHO B TaKOH BbICOKOM KOH- 
CHTpallH, KaK B OMBITe C aKTATOM, a JOCTHTaJ ee JIMUIb NMOCTeMeHHO, IO Mepe 
DacIIeNIeHHA Caxapa. PacueT, ceaHHbIM Cc yueTOM (akTa JIMHeMHOTO HapacTa- 
WA KOHIeHTpaluuH MOJIOUHOM KUCAOTH B MpoGe c Cl*-rmoKo30l (oT 0 20 KOH- 
e€HTpalluu, B3ATOM B OMbITe c C!*-jlakTaTOM) H C YYeTOM KOJIHMYECTBa BbIJeIUB- 
melich B pe3syibTaTe fExanua C!!O,, noKa3aJ, YTO JOA BKONeHHA Cl4 
B OCIKH H HYKJICHHOBbIe KMCJIOTHI, OOYCIOBJICHHAA OKHCJIeHHeM OOpa3syemoro 
KJICTKAMH JlaKTaTa, COCTaBJAeT OKOMIO 40% BCero BKJIIOUeCHHA, HaOOaBero- 
@ B mpo6e, yruiusupyrwmel C4-raroKo3y. Ota Wudpa Jaer xopousee npnoH- 
DKeHHe K JAaHHbIM OMbiTa. Boe OTMeyaOCb, YTO TIMKOJIMTHYeCCKHH MeXaHH3M 
pacienvIeHuA caxapa OGecreyHBaeT OKOJIO MOJOBMHI OOuero BKIOYeHHA C14 
B aspoOnol cpeye. IIpupeqenubii pacueT MoKa3piBaeT, 4TO [pyran NoOBUMHA 
KJIIOUCHHA CBA3AHaA C OKHCJICHHEM JaKTaTa B Tipollecce [bixXaHus. 

Takum o6pa3om, 6oulee HHTEHCHBHOe OOHOBJeHHe OeIKa MU HYKJICHHOBLIX KHC- 
NOT PaKOBbIX KJICTOK 3a CUeT FIIOKO3bI B ASPOOHIX YCOBMAX ABJIACTCA Pe3YJIb- 
TaATOM COBOKYMHOM aKTHBHOCTA TIMKOJIMTHYeCKOrO MeXaHH3Ma pacilenmeHusn 
caxapa M OKMCJINTeJIbHOrO MeXaH3Ma YTHJIM3allMu JaktTaTa. Kaxkyulaaca cme- 
WuduunocTh addekTa a9po6HorO PMKONH3a B MacTHYecKOM OOMeHE Mpe- 
CTaBJIAeT CO6OIO B JeEHCTBUTEJIbHOCTH Pe3YJIbTUPYIOWLYIO AByX MpOleccosB, KarkK- 
Ibid U3 KOTOPbIX MOJIHOWeHeH Kak B SHEpreTHYeCKOM, TaK UM B MJlaCTHYeCKOM OT- 
HOLIeHHH. 

Oco6oro BHHMaHHA 3aCJIyxKUBaeT BOMPOC 06 sc(eKTHBHOCTH WH 9KOHOMMYHOC- 
TH WWIaCTHYeCKOM YTHIM3alkMU POKOS3bI HW JlakTaTa paKOBbIMM KJleTKaMH. Ecuiu 
DaCCUNTaTb, Kaka JOA OOIeH PaqMOaKTHBHOCTH MCMOMb3OBaHHOTO KJieTKaMA 
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cy6crpata nonajaeT B 6eOK HM HYKJICHHOBbIe KHCJIOTbI, TO OKa3bIBaeTCH, 4 
adtbeKTHBHOCTh YTHIM3alMH JlakTaTa B LECATKM pas MpeBOCXOMUT spPexTUBHOC: 
pacienienua rtoKo3bl. Hampumep, B TOM xe ombiTe (puc. 1) BKMO¥eHHE 
B OeIOK B a9POOHBIX ycCIOBMAX cocTaBAasIO 0,35% (448 umm.), B HyKJIeHHOB 
KucsIoTH 0,24% (302 umm.) oT BceH aKTHBHOCTH pacllenMBUleHica T10KO3 
(128 000 umn.); B aHaspoOHEIx ycoBuax cooTBercTBeHHO 0,15% (196 umm.) 
0,14% (180 umn.). B cnyuae maktata 9TH WHdpHI Spina 14% (367 umn.) WIA Oem 
vu 12% (306 umn.) 2a HyKJIeHHOBLIX KHCJIOT, pH OOnleH AKTHBHOCTH YTHJIMS. 
poBaHHoro JlakTata 2518 umn. CileqoBaTesIbHO, M3 KaxKJOH TbICHYH MOVJICK) 
PJIOKO3bI, COpOxKeHHbIX JO MOJIOUHOH KHCJIOTHI, B OeOK MOMayaeT KOMMYeCT 
yrlepOWHbIX AaTOMOB, cooTBeTCTBy1ollee 3,5 MOJIeKYIaM MCXOJHOM TJIIOKO3} 
B TO %Ke BpeMaA Up OKuceHUH 1000 MomeKysI MOMOUHOM KHCJIOTHI B OeKe OK 
3bIBaeTCA KOUMUECTBO yrulepoya, cooTBeTcTBy1wigee 140 MOweKyIaM JlaKTaT. 
Ecau kK moceqHel undpe npucoequHUuTH elle 120 MosmeKkyJ, NoMaqaroulux BH 
KJICEHHOBbIe KHCJIOTHI, TO MOJYYaeTCA HCKJIOUMTEbHO BbICOKHM MOKasaTedb ma 
THYeCKOH a3cPeKTHBHOCTH Mpolecca OKHCJIeHUA JakTaTa: 260 MOJeKYJI CHHTE3, 
poBaHHbIx Ha 1000 oKucseHHEIX. M 9To mpu yyeTe TObKO JBYX BHYTPHKJeTO. 
HbIX COeqHHeEHHH. TakuM OOpa30M, AbIxXaTeJIbHbIM Mpollecc B PaKOBbIX KJICTKé 
He TOJIbKO 9*\PeKTHBEH B IJIACTHYeCKOM OTHOLWEHHH, HOU 
LMI (Mu MHOFO SKOHOMHUHEe PIMKOJIMTHYECKOLO PacllenJIeHHA CaXx 
LO) pa. VimenHo B 93T0OM, MO-BUMMOMY, CJleyeT ycMaTpyHBa’ 
lies IIPeCMMYIecTBa aspoOHoro OOMeHa Mepe aHadpOOHBIM - 
PaKOBBbIX KJleTKaXx. 
Jiemo He B cCHelnduke aspoOHOrO TwIMKONH3A, 
B BOBJICYCHHH JOMOJHUTeIbHOTO, BeCbMa 9KOHOMHMUHE 
rO Me€XaHH3Ma OKUCJIMTeIbHOrO peBpallleHuA mposy 
Ta I'vIMKOJM3a — JlakTaTa B TwacTHuecKHH OOMeH. OT 
BbIBOL HaXOQUTCA B COOTBeETCTBHH C HallMMH JaHHbIMH 
SHEpreTHYeCKOH MOJIHOWeHHOCTH bIXaHHA HM aHadpOOHO! 
PIMKOIM3a B OMYXOAX, HO MpOTHBOpeyHT KOHIeNI 
BapOypra 0 «HemoHOMeHHOCTH», <NOBPexKeHHH TbIXaHy, 
HeOMlacTHYeCKUX TKaHell. 


"1 


Bkatovenue 0% 


@ 
S Puc. 2. Bxmouenve C4 B 6en0K B wefKOWNTAX 3NO0POBOrO 4eJIOBeK 
x 3a cyeT yTumusauuu C!4-raoKosp. J — Cl4-rmoxo3a, 1,5 mr, 64 Tor 
Si ¥Mn/MHH, aspo6no; JJ — Kak J, HO aHaspoOHo. 0,35 Ma KseTOK (33 » 
Pci 7 Oemka). Muxy6auua B cbIBopoTKe KpoBH 30 mux. 

2 


IIporus Kakol-To ocoOolt pou adpoOHOro rIHKOIN3a B WlacCTH4YeCKOM OOMeH 
3OKaueCTBeHHDIX OMyXOseH TOBOPAT TaK2Ke OMbITH! C JeHKOIMMTAMM, WIA KOTC 
PpbIX, KaK M JWIA PaKOBbIX KJIETOK, XapaKTepHO HasIMune adPOOHOFO FIMKOINZE 
oOpaTHol MacTepOBCKOH peakIMM M MOHOMeHHOrO pecuHTesa AT® B aHaspo 
HBIX yCNOBHAX (°). JleHKOMMTHI HOPMaIbHOM KPOBH, a TaKxKe KPOBH OObHBI 
XPOHHYeCKHM HM OCTPbIM MH3JIOMAHBIM JleHKO3aMH OOHapyXHJIM, NOMOGHO ac 
IMTHYCCKHM PaKOBbIM KJIeTKaM, CMOCOOHOCTh OOHOBJATh OeOK HW HYKJICHHOBBI 
KHCIOTbI 3a cuet C’*-cpparMeHTOB MeTaOOJIM3MpyeMOH TOKOSbI, MpHyem HI! 
TOJIbKO B a9pOOHbIX, HO HM B aHa9poOOHbIX ycOBHAX (puc. 2). 

Croeo6pa3HbIM OKa3aJl0cb JeHCTBHe «pasoOOlLalolulux» AJOB Ha mwacTHueckH 
OOMeH pakOBbIX KJIeTOK. OmbiTbl c AuHuTpodenosiom (H®) u merunenoso 
cuHbio (MC) noka3aiu, uTO BKIHOUeHHe Cl* B 6e0K MH HYKMeHHOBbIC KHCJOTI 
ACIMMTHUECKUX PAKOBBIX KJICTOK MO], BAIMAHHEM STUX COeAMHEHHM pesKo 3aTopMa 
wkuBaetca (puc. 1, ///). Ilockoupky LH® u MC ue wapymiator pecuntesa ATC 
B PpaKOBbIX KJleTKax (“), TOPMOxKeHHe 3STHMH AamMu accumuaaunu C!4-yactH 
mpelcTaBAeT CoOo1o pesybTaT MpAMoro BosfelicTBHA HX Ha CMHTeTHUeCKH 
mpoueccbl. Takum o6pasom, Jelicrsue JLH® u Apyrux «paso6uaionlux» areHTo 
Ha ACCHMHJIATOPHbIe MPOIeCChl MOXKeT ObITh ABOAKUM: a) OMOCPeAOBaHHHIM, yepe 
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fiapyluenve bIxaTesbHOrO ociopuMpoBanua; 6) HenocpeycTBeHHbIM — 
ip CMHTeTH4eCKNe Mpolecchl. HOBbIM TepMHH «pas0Oulalollve» abl He MOKPbI- 
pact CTapbilt — «<aCCHMMJIATOPHBIe>, OH JIMIb ONOMHAeT M pacliMpseT xapak- 
FePpHCTHKY STOM Tpyinbl BelllecTB. 

Onpitpt c C!*-roKo30i +MO3BOJIAIOT Tak?Ke PelIMTb BOMpoc 06 HLeHTHUHOCTH 
{IM pa3zIMuHu MyTeH aspoOnoro u aHa2poOHnoro riMkou3a. Ecan aspo6uniit 
JMKOJIM3 NpoTekaeT, Kak Mpesnonaraer B. A. Durenbrapgr (7), anoromuyueckuM 
HYTeM, TO CleLyeT OKUMATh, YTO IPH YTHAM3ZALM OLHOM MOMeKYJIbI paBHOMepHO 
eueHHol C!*-rqioKo3bl, MOJIOBHHa palMOaKTHBHOCTH OKaxKeTCH B BbIbIXaemolt 
O,, MolopuHa — B cocTaBe OOpa3yioulelica MomMOUHO KucHOTH. AHanus yrie- 
KUCJIOTHI, BbINeIACMOH B Pe3YJIbTaTe [bIXAHHA ACIMTHYeCCKUX PAaKOBbIX KJICTOK, — 
mOKa3aJ1, UTO B Heli OKa3bIBaeTCA OUeHb HeOObIMad uacTb OOWeH aKTHBHOCTH ~ 
JHOKO3bI, NOABepriulelica pacujensenuio. [Ipaxruyecku Bech Caxap Opicrpo mpe- 
palljaerca B MoouHyio KficnoTy. Joma Ke POKO3bI, Mperepneparoulel OKUCIN- 
CIbHBIM pactia C BbIXOJOM B COs, cocTaBIAeT eAMHHIbI MpoweHToB (2—5%). 
ICieloBaTeJIbHO, aMOTOMMYeCKMH MyTb agpoOHOrO PIMKONIM3a AIA onyxouei 
MO2KET CUNTATHCA HCKJMOYCHHEIM. ASpoOubili ruKONN3 MpoTeKaeT OObIUHBIM yTeM 
jPaCNOJIOBMHUBaHUA MOJIeKyJIbl Caxapa Cc MocweLyioulMM OOpas0BaHvem JIByXx 
IMOJIEKYJI MOJIOUHOH KUCJIOTHI. 
CoBOKYNHOCTb NOJYYCHHBIX Pe3YJbTaTOB MO3BOJIAET 3aKJIOUHTb, UTO [bIxXa- 
fHHe HW aHadpoOHbI TIMKOIM3, Kab B OTJeNbHOCTH, OOecMeyNBalOT pakOBble 
KJIETKH HEOOXOUMON 9HEPrveli H CTPOUTEbHBIM MaTepHaJIOM JIA BHYTPHKJIeTOU- 
| HBIX CHHTe30B. OjHako HanOoulee BbITOMHbIM ABJIAeTCA COUeTAHHe JbIXaHHA U 
fIMKOIM3a, HX COCYUIECTBOBaHHe, B pe3yJIbTaTe Yero OeJIKH, HYKJICHHOBbIe 
/KMCJIOTHI MH Apyrve COeMMHEHHA KJIETKU CTPOATCA He TOJIbKO 3a CUeT pacilensa- 
lemoro B lipollecce IvIMKOJIM3a Caxapa, HO HM Oslaroflapx OKHCJIMTebHOMY Hc- 
jMOJIb3OBaHMIO OOPasyroulerocaA aKtTata. [lockobKy mMocweqHHH mMmpomecc oco- 
OeHHO acheKTHBeH, GHOMOrM4YeCKHH CMBbICJ CYULeCTBOBAaHHA agpoOHOrO TJIMKO- 
\1M3a B OMyXOJIAX MOXKHO BUJETh HMeEHHO B CO3aHHH YCJIOBUH WIA peamu3aluu 
9TOrO SKOHOMMUHOTO Mpollecca: MOMOUHAA KUCIOTa MOCTAaBJIAeTCAH KJIeETKOM 
BOMpPeKH JbIXaHv10 HM B TO Ke BpemA Mia Hero. JLabHelitlee ucnomb30BaHHeE 
MOJIOUHOH KHCJIOTbI BO3MOXKHO JIMMIb ONarofapa AbIxanu1o. J[bixanve uM rinKO- 
M3 B paBHOl Mepe HeEOOXOMMBI paKOBOl KJIeTKe, XOTA HeKOTOPOe BpeMA OHA 
MOXKeET CYIUIECTBOBaTb 3a CUeT JIMUIb OAHOTO 3 HHX. 


j 
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Jloxnayor AkawemMuu Hayk CCCP 
1958. Tom 118, Ne 2 


K. Ml. ASAPOB u C. B. TPEYAHOBA 


BJIMAHME OKHCH DKEJIE3A HA BASKOCTb BOPHbIX 
VW BE3BOPHbIX 3MAJIEM 


(IIpedcmaenexo axademuxom IT. A. Pe6uxdepom 12 VI 1957) 


PPyHTOBble SMaJIM, PABHOMeHHbIe OOPHBIM, H MpeOfOJeTh OCHOBHbIe HeOcTaTKF 
6e3O60pHbIX MOKPbITHH — BCKUNaHHA uM Mporappl. JLo HacTostero BpemMeHH H 
pelieH BOMpoOc O pO BASKOCTH B Mpouecce opMHpOBaHHA STHX NOPOKOE 
YcTaHOBJIeHO*, YTO Havano OOpa3zo0Bal 
nyas eS HUA BCKMMaHH peaJIbHbIX TPyHTOBbIE 
<< MOKPbITHH COOTBeTCTByeT TeMNepaTyp 
oxomo 750°. Mexyay Tem, uMerorHecit 
JAHHbIe O BASKOCTH 9MAJIEBLIX PacnaBo 
(1-*) orHocaTca K Goulee BLICOKHM Te 
nepaTypaM HW MOTOMY He MOFyT CJLYKUTIE 
OCHOBaHHeM JiJIA BbIBOLOB O MpHuHa? 
BcKHNaHHH. B CBA3H C 9THM H3BeECTHBIM 
MeTOJIOM PpaCTAXKeHHA HATH HaMU ObITé 
ompesesieHa BASKOCTb B OOaCTH pa3mMart 
YeHHA MpOMBILWJIeHHbIX OOpHbIx NoNe 18 
124, 210, 6es60pHErx NoNo 35**, 27**, 
16 mu THTaHoBbIxX NeNe 121, 174 rpyn- 
TOBbIX 9MaJleH Jia cTamH. []pHHumas Bc} 
BHHMaHHe, YTO B 30HE KOHTAaKTa PpyH- 
TOBOrO NOKPbITHA C OKMCJICEHHOH MOBepx-| 
HOCTbIO CTaJIM TpYHTOBbIM pacmiaB pac- 
TBOPAeT OKAIHHY, ONpefeneHa TakxKeE 
BASKOCTb 9MaJleH, CaBJIeHHbIX c 54 
10, 15 u 20%, a Aaa HeKoTOpHIx —c 
580 620 660 m0°C u 25% OKHCH *Keesa. 
Kak BHHO 43 prc. 1, BaAsKOCTb uC- 
Puc. 1. Baskocts MpompilmeHHBIX’TPYHTO- — CnenoRaHHBIX 6opHbIX 9Masleli BHIIe, eM 
BbIX 9Maeil B OONacTH pasmMsarueHusa. Bes- 

Gopubie: NoNo 35, 27, 16; Gopupre: NeNe 124, Y OesOOPHbIX M THTAHOBEIX. Orcioqa BBI- 
18, 210; TuTaHoppie: NeNe 174, 121 TeKaeT, UTO BbICOKaA BASKOCTb He AB- 
JIACTCA THMMYHOH JIA OesOOpHbIx rpyH- 

TOBbIX 9MaJel. 

Peskaad pasHulla Mexy OOpHEIMH u Oe3sOOpHEIMM 2MaIAMM BHIABASeTCA B 
culyyae JOOaBKH K HMM OKHCH 2KeNesa. BasKocTh Oes6opHoli smamu Ne 35 6/6, 
3HaUNTEJIbHO BOSPacTaeT C YBEJINUCHHEM COJep2KaHHA OKUCH *Kevesa (cm. puc. 2 a). 
Tlonvxkenve BaAsKOCTH HaGOaeTCA TOJbKO MPH BeCbMa HeOoOAbIO obaBKe 
OKHCH *Keesa (2%). B ormMune OT Ces6opHo SMa, BA3KOCTh GOpHOl aman 
Ne 18 6 (puc. 2 6) c yBemMueHHeM cOjep2xKaHUNA OKHCH 2%Kene3a 3HAUNTeENBHO TO- 


* TIpu yuacrun B. TI. 3epuna. 
** Coctappt no B. I]. Bayauny. 
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wKaetca. M30repMb BASKOCTH B OOJAaCTH pa3MaArueHHA (pHc. 3) NOKasbIBaIoT, 
ro Jia Apyrux G6es6opHbIxX 9MasieH TakKKe XapakTePpHO pe3koe yBeHUeHHe BAS- 
pcTH C MoOaBeHHeM OKHCH 
ene3sa. Viccmeqopanne Tex xe 


jameH MPH BbICOKHX TeMmIe- yaa nyaa 


Typax* moKa3avl0, YTO OKHCb 20 a 
elle3a MOHWMKaeT BASKOCTb [ a 6 

aK OOPHBIX, TaK H Oe3sO0pHbIX 

Manel (puc. 4). 160 160 

_ Pa3iuuHoe BIIMAHHe OKHCH 

eme3a Ha BASKOCTb OOPHBIX Hy spl 120 
PsOOPHBIX 9MaeH B OOMaCTH ZS | 4 
ASMATUCHHA MO2KeT ObITb MIpu- | 29 
HcaHO OOpas0BaHHio pasHbIx a = ul 

ppm 2Kenesa. Kak u3BecTHo(* 1) r 

| cTeKlaxX HaXOMHTCH 2xese30: 40 40 

)eXBaJICHTHOe — B Ble rpyni 

1 a5— a= 

fe RED (oGpasonarent "a0 2060 ~sT D~«C«SCTDO 


bTKM), BYXBaJIeHTHOe B Buse 

DHOB (MOMuKAaTOp CeTKH) HW Puce. 2. Bananue OKMCH 2%Kele3sa Ha BASKOCTD B OG.a- 
DJJIOHHO-McMepCcHble OKHC- CTH pasmaruenns Ges6opHot Ne 35 (a/ u OopHolt 
Lis Ne 18 (6) rpyHToperx sMame. 1 — 6e3 MoG6aBKu, 2 — 
fee HF e,Q,. B OOPHEIK 7". jobanxann PeOa: 22%, 35%, 410%, 5 
aulix, MeHee OCHOBHBIX, UeM 15%, 6—20%, 7—25% 


»s6opuHpie (1°, 1%), BepoaTHee 


B  OJOKeHHH mMoyudukatTopa 


KUM KOOP] HHalMOHHbIM YCJIOM 
B 6omee oc- 


“TKN, ocsa6JI AIOuLero cucTeMy HU HOHM*KAaLOULeTO BA3ZKOCTH. 
DBHbIX Oe3O0PHbIX IMaJIAX BeEpOATHee MaJIOe oe 
DOpAHHalHOHHOe 4MCIO wWese3a, OTBeAatO- 

ee mpucyrcersuio rpynm FeO; Oru rpyn- 
bl, CBA3bIBaIOllWe B CeTKe YacTb TeTpa- 


4 


4 8 12 16 20 %o 0 st 1 n 4 
Codepxanue Fe,0, 700 600 900. 100°C 


Pue. 4. Bnusuve oKMCH %Kenesa Ha 
BASKOCTb pactiaBos SopHol Ne 18u 
6es6opHolt No 35 rpyHToBblx 9MaJel, 
a — 6e3 Jo6aBKku,6, 6 — c AoOaBKol 
Fe203: 6—6%. ‘3. 15% 


- * Onpeslenenua BbIlomHeHbI Mo Haliemy nopyuenuio C. C. Kasonoit Ha mpH6ope Mxcturyta 
iMMad cumuKatop AH CCCP. 
| 
| 


uc. 3. Vsorepmpr Ba3KocTa (630,640°) OopHpix Hu 6e3- 
OPHBIX IpyHTOBLIX 2Maseli c OKHCbIO 2%KeNe3sa. Bes- 
Sopupre: NoNe 35, 27, 16; Gopupie: NeNe 124, 18 
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gupos SiO4~, CHJbHO TMOBbILalOT MPOYHOCTb CHCTEMbl M BASKOCTb SMaJl 


Ilpu ompelleenuu BASKOCTH 3aMeyeHO, YTO C AOOaBsIeHHEM OKUCH xXeIe 
K Oe3OOPHbIM SMaMAM COKPalllaeTCA MIPOLOMKUTEMbHOCT YCTAHOBJIEHHA MOCTOSIF 
Holl CKOPOCTH YWIMHeHUA. STO, B cormacuu c BbIBOamu Teliulopa u JIupa (* 
CJeaHHbIMH 10 Apyromy moBowy, cBuseTeI_CTByeT OG YIpOUHeEHHU CeTKH.} 
TlockoubkKy Ip BbICOKUX TeMMepaTypaxX OKUCb *Xesie3a NOHMAKAaeT BASKOCH 
Kak OOPHBIX, TaK M Oe3O0pHbIX 9MaJIeH, MO-BHAHMOMY, Ip STOM *Kewle30 Urpes 
pOJIb CKOpee MOLMUKaTOpa, YeM CTeKJOOOpasoBaTeNA. : 
Jpyrumu onpiramu* ycTaHoBsieHO, 4YTO PaCTBOPHMOCTb OKHCH xKeJlesa & 
6e360PHBIX 9MAJIAX 3HAYMTEbHO HXKe, YeM B OOPHBIX, YTO CMOcoOcTByeT Kf : 
CTAJIJIM3alWH Maule UM BbIeeHHIO KOJIJIOHJHO-AUCIepCHbIX OKHCJIOB Keech 
cooOuLalollux paciaBy yMpyro-BA3Kve CBOHMCTBa B pe3yJIbTaTe PasBUTHA Bly 
PHUHOM MpocTpaHcTBeHHOM ceTKH. 
B cBere NOuIyYYeHHbIX JJaHHbIX O BA3SKOCTH MO2KeT ObITh ONMCaH HM MeXaHH 
o6pa30BaHua BCKHManuH u MporapoB Se360pHbIX TpyHTOBHIX NoKpbiTul. B EB 
YQJIbHBIX CTaqMAX OO*KUra NO rTpyHTOBbIM NOKPHITHEM HHTCHCHBHO OKHCJIAeT 
cTaib. HuKHMH, BeCbMa TOHKHI, COM TpyHTOBOrO NOKPbITHA, COMPUKacaroly it 
CA C OKMCJICHHbIM MeTaJJJIOM, ObICTPO HacbililaeTCH OKUCJIAMM 2%Kesle3sa, ITO MEP 
BOJUT K pe3KOMY MOBbIIIeCHHIO BASKOCTH B Clyuae OesOOpHoro NOKPHITHA UF 
MOHW2KEHHIO BASKOCTH GOpHOro NOKpbITUA. Lasbl, BbIeJAIOULHeCA B 30HEe KOHTAaK1§ 
BCJIENCTBHe HasWuHs MpOMexKYTOYHOTO BASKOTO COM OOpasyioT B OesOopH 
MOKPbITHM KPYyMHble My3bIPH, KOTOPble pH asIbHeHIweM HarpeBe Pa3PpbIBaIoT, 
WM TPyAHO 3amviapaarorcax. B mMecTax Npopbipa iWysbipeli KucOpox aTmocde 
OKHCJIA€T CTaJIb, BbISbIBAA JOKAJIbHbIe CKOMICHHA OKUCJIOB Kesesa, CMIAaBIAL 
WLMXCA C 9MaJIbIO H OOpasyroulHx nporapbl. HecmorpsA Ha TO, 4TO Ip BbICOK 
TemlepaTypax OKHCb %Kele3a NOHMKaeT BASKOCTb TPYHTOBOFO paciiaBa, UE 
AHbI OesOopHOro MOKPHITHA, OOpasoBaBIlIMecA B CTaNMH Pa3sMArYeHHA, YCTEP 
HAIOTCA He NoOHOCTHIO. CreloBaTebHO, 3ajaua MpelynpexeHuaA BCKHNAaH, 
WM MporapoB cBxi3aHa C MOHCKaMM CpeACTB, NOHW2KAIOULMX BASKOCTb PpyHTOBCH 
NOKPbITHA B 30H KOHTaKTa C MeTAaJIJIOM. . 


HogouepkaccKHli MOJIMTeXHHUeCKHT ~MHCTHTYT Tlocrynuso 
um. C. OpmKoHHKuy3e 21 V 1957 
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Ne 9, 296’ (1937), p y ear, J. Am- Ceram. Sosa 


* TIpu yuactun B. B. Bananaunot. 
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Joxnagyn Akagemun nayrx CCCP 
1958. Tom 118, Ne 2 


XHMHYECKAA TEXHOJIOFHA 


WM. HW. KATAMPOPOJCKHH u B. A. BJIAHOB 


TEPMOCTOMKUE CTEKJIA «MMPEKCHUI» 


(ITpedcmaeaeno axademuxom H. IT. Bapdunoim 14 VI 1957) 


3a nocJeqHee BPeMA NOMYYMIM pasBUTHe HcCeqOBaHHA MO CHHTe3y cTeKoN, 
IpHOJIMKawouluxcA MO CBOHCTBaM K KBaplleBomy cTekJy. PaOotpr HopyGepra u 
\Tyyaa (1,7) lo Hcnomb380BaHHIO CKJIOHHOCTH HeKOTOPbIX CTeKOJI K JIMMKBAaLMH C 
‘Wesbio MOyueHHA CTeKIa C BbICOKMM COfep2%KaHHeM KPeMHe3eMa YBeHYAIMCb 
ycnexom. Mmu mouyyeno crexsio «Buxkop», cozepxKaulee 96% SiOz. Kpapmesoe 
'CTeKJIO KAK MaTepHaJl JIA PasMUYHBIX CTOHKUX U3eMH MpelcTaBAeT OosMbIUO;N 
WMHTepec, TaK Kak OOJlajlaeT 3aMeUaTeJIbHbIMM CBOMCTBAMH (TEPMOCTOHKOCTb, XH- 
MHUeCKad CTOHKOCTb, WHIJIEKTPpHYeCKHe CBOHCTBa, NpOSpayHOCTb JIA yJIbTpa- 
@uovieTrosplx Wyuel wu mp.). Ulnpoxomy BHexpeHuio KBapleBoro cTekJa MpensAr- 
‘CTByeT JOPOroBH3Ha, CBA3aHHaA C BbICOKOH TemuepaTypou ero noswyyenua. V3- 
TOTOBJeHHe CTeKJIa, OJIM3KOTO MO CBOMM (PH3MKO-XHMMYeCKHM CBOMCTBaM K KBap- 
WeBOMY CTeKJIY, HO MpoBapMBalolleroca MpH MeHee XHKeCTKHX YCJOBUAX, MIpej- 
CTaBJIAeT MCKJIOUNTeJIbHO BayKHYIO 3aayy. 

Cnoco6 nowly4eHua cTeKsia «<BUKOp» CBOANTCA K TOMY, YTO B TPOMHOK cHcTeme 
SiOz— BzOs— ReO B onpexeneHHOl o6acTH Mpu TeMOBOH O6paboTKe nponc- 
XONMT pa3feseHve Ha Be ca3bl. Jloka3aTeMbCTBOM pacCIOCHUA CTeKJa CJTY2KUT 
noaBeHHe clado-rouyOonw onajecleHiHH B cTeKe. Onna cha3a Oorata SiOz, 
jipyraax — ulemouaMH M OKUCbIO Oopa, KOTOPaA JerKO pacTBOpHAeTCA B KUHCJIO- 
Tax HU MOxKeT ObiTtb yfaseHa. Ilocne BblleIauNBaHHA paCTBOPUMOHM asbl, 
OcTaeTCA OCHOBHOM KpeMHe3eMUCTHIM KapKac u3 SiOz, KOTOpbIH mpH NOBTOpHOH 
TepMuyeckOoH OOpaOoTKe HepexoMHT B MWpospaunoe cTeKsIO coctaBa: 5% BeOs, 
0,5% ReO uv ocTambHad vacTb — KpeMHe3emM. 

CreksIO aHaJIOrM4HOrO COCTaBa MO HOBOMY MeTOJLY yaJlOCcb NOJYYATb TakxKe 
B MockoBCKOM XHMMKO-TeXHOJIOFHYeCKOM HHCTHTYTE, MHHYA CTaMIO BHI ayHBa- 
Hud CTeKJIa HM NOBTOpHy!o TepMuyecKyio OOpaboTKy. Ilpu 9TOM Obi MpHMeHeH 
BbICOKOJUCNepCHbIM KBapleBbIH MecoK c TOHHHOM momMosia oT 20 yo | uw. Bana- 
Hue rpaHyJIOMeTPHYeCKOrO COCTaBa KOMMOHECHTOB WHXTbI Ha BaPKY CTeKJIa HMeeT 
Oobi0e 3HaueHHe. OfHaKkO JO HacToslero BpeMeHH HeT eMHOrO MHeHHA 
OTHOCHTeJIbHO BJIMAHHA CBEPXTOHKOFO H3MeJIbYCHHA MaTepHaJOB Ha Mpomecc 
BapKH HM OCBeTJIeHHA CTeKa. B OouIbUIMHCTBe PaOOT ABTOPHI IPMXOAAT K BbIBOTY, 
YTO H38MembueHHe Mecka Jo 100 w yckopser mpomeccbl cTeKOOOpa30BaHHA, MO0- 
BbIMaeT OHOPOWHOCTh WIMXTbI H YMeHbillaeT ee CKJIOHHOCTb K paccJIOeHHIO. 
Bovlee TOHKOe H3MeuIbYeHve MecKa JO pasMepoB 3epeH MeHee 100 1, MO MHeHHIO 
OJHUX UcceoBaTenel (*), IPHBOAHT K KOMKOBAaHHIO leCcKa, K YBeJIMYeHHIO CO- 
JlepxKaHuA BOSLyXa B WMXTe H, CICOBATeJIbHO, K OOPas0BaHHt0 MOLUKH UM 3aMejie- 
HMIO Mpollecca ocBeTeHuaA UM cTeKNOOOpa30oBaHuA. J|pyrue uccJeqoBaTeJIM 
((4,°) w Ap.) CuuTaIOT, YTO TaKOe M3MeJIbUeHMe MaTepHaJOB MIPHBOLNT K yCKOPeHH1O 
Bcero lpolecca BapKH CTeKJa. 

IIpu Bapke TepmMocToiikoro cTeKa HaMH IpHMeHAJICA BbICOKOJMCMepcHblii 
KBaplleBbIff MecOK HM XHMHYeCKM YNCTbIe MaTepHMasbl. Bapka OMbITHBIX CTeCKOVJ 
MIpOBOAMaCb B WAMOTHO-KaOJIMHOBbIX THTMAX (M3 pacueta Ha 300 Tr cTeKsJO- 
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Maccbl) B Ja6OpaTOPHOH KepOCHHOBOM Mey KalleJIbHOrO THMa C PasMePOM TIOMijy 


5060 cM, B OKHCAMTeIbHO cpeze npu Temnepatype 1600—1650°. Ina cosqa} 
HHA OKUMCJIMTeIbHbIX YCOBUH MpH BapKe B WMXTY BBOJMJICH a30THOKHCJIbII 
HaTpuu. Crekia ONHOM M TOM Ke CepHH BapHJIMCb OJHOBpeMeHHO. 


3a UCXOMHOe CTeKJIO MBI NpWHAJIA OopocHusIMKaTHOe CTeKJIO THMaA «HUPeKC» 
IIpu CHHTe3e HOBbIX CTEKOJI, HASBAHHbIMH HaMH «MMPeKCHJI>, B UCXOTHOM COCTABih) 


Oblla MpoBeseHa MocesoBaTesbHad 3aMeHa B,O; Ha SiO). CofepxkaHve KpeMHe |i 
3eMa H3MeHA10Cb OT 80 Jo 94% Mmpu NOCTOAHHOM COfep2KaHHH WeoveH B KaxKOMY 


CepHH CTeKOJI. 
CocraBbl CTeKOJ TpvBeweHbI B Tad. 1. 


Ta6auua 1, 


I cepHa cTeKoJ 


Beare 154 12 | a8 154 155 | 156 157 58 159| 100 | 182 153154 | 18! 
SiO, | 80° 184 “182 182 184 18 186" Tote tes aise cman i 93 194 | 
Al,Os | 4,81 4,8| 41,8] £8) 4,8)/°4,8| 4,8] 19814,81 4,81.4,8) £8) 4.8) 1/3) 
BsO, |44,7|13,7|12,7|44,7|40,7} 9,7| 8,7| 7,7| 6,7| 5,7| 4,7| 3,7) 2.7) 1,7) Gam 
KO: bode | Bb 4 ek Pee Pe te a be ey ee 
Na |.2,51 2,5) 2:5) 2,5 2,54 2,31 2:31 2:5 22 ber ose oles ea 
II cepua ctTekou 1 
as 161 | 162 | 163 | 164 165 | 46 167 | 168 | 169 170 196 | 187 1 | 190 | 19( 
SiO, {80 |8t 182 188 184° 185 |86 i87 Iss -|s9--l90: ‘194 192-1950 am 
Al,O, | 4,8] 1,8) 1,8] 4,8] 1,8} 4,8] 4,8] 4,8) 4,81 4,8) 4,8] 4,8] 1,8) 1,8) am 
BoO, |15,7|14,7|413,7|412,7|41,7| 10,7) 9,7) 8,71 7,7) 6,7] 5,7] 4,7] 3.7) 2:7) 
NagQ: 12,5) 22,542,541) 2,5) 2,5) 2.52.08 lee SLO.) Qh 5 oo ee 


III cepusa cTexou 


NEG: 471 | 172 | 173 | 174 | 175 | 176 | 177/178 |479 | 480 4 192 199 4 195} 
rT 
SiO. |80 |8t |82 {83 184 |85 {86 |87 |88 |g9 |90 {91 |92 |93 |9gum 
Al,O3| 1,8] 1,8] 1,8} 41,8] 4,8] 1,8] 4,8] 4,81 4,8] 4,81 4,8] 4,8] 1,81 4,8) dae 
BOs | 16,7| 45,7 | 14,7 | 43,7) 12,7 | 41,7 )40,7) 99,7/°S,71-%,7) 6,9] 5.71 4,0) 9.7 a 
NaO | 1,5] 4,5/.4,5)-4,5) 4,51 1,5) 4,5) 4,5)04,51 4,5) 4:8) 4)51 4,5) 455 ee 
IV cepa crekon 
pecs 204 | 202 | 203 | 204 | 205 | 206 | 207 | 208 | 209 | 210 | 244 | 242 | 213 au 24E8 
| - 
SiO. |80 |81 {82 |83 |84 |85 |86 Is7 Iss ls9 |90 |91 I92 |o3 log ff 
Al,Og| 1,8] 4,8] 1,8) 1,8] 4,8] 41,8] 4,8] 4,8] 4,8] 4,81 4,8| 1,8] 1,8] 4,81 4.8m 
B.O3 | 17,7) 16,7] 15,7| 14,7] 13,7] 12,7) 41,7/10,7| 9,7| 8,7| 7,7| 6.7| 5,7] 4,7| 3.9 
LiO | 0,5] 0,5] 0,5] 0,5] 0,5] 0,5] 0,5] 0,5] 0,5| 0,5] 0,5] 0,5] 0,5} 0,5] 0, 


IIpusogumele B Ta6. 1 cocTaBbl Obl MpHrOTOBMeHBI Ha TOHKOMONOTOII ppax-f 


WMH MecKa oT 20 20 1 w vor 20 yo 60u. BapKa ocymectBasach npH TemnepaType 


1620, 1640 u 1650° c BbiqepxKoH 6—8 uac. KayectBeHHad xapakTepucTuKel 
BaPpO¥HOH CMOCOOHOCTH CTeKOJI B 3aBHCMMOCTM OT JUCMepcHOCTH BBOZUMOrO Eb 
CocTaB IIMXTbI Me€CKa NOKasaJla, YTO Haye pesybTATH NOMyUMNCh MmpEl 


HCMOMb30BaHHU CpakuMu necKa oT 20 po | py. 
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OcBeTvleHHe 3Ha4HTeJIbHO Xy2Ke Ha TOHKOMOJIOTOM MecKe c dpakunelt oT 20 
0 60 uw. B cayuae Bapku creKla Ha HeMOJOTOM MecKe MpH Tex %Ke yCOBUAX 
omyuaeTcA Moxoe OCBeTeHHe HM YaCTHUHbIM HempoBap. 

J\1A BapKU CTeKa B MPOM3BOACTBEHHEIX YCJOBMAX MBI PeKOMCHJOBaJIN CO- 
apbl NoN 186, 192, 212, ormuuaionueca MaJIbIM KosdpuuNeHTOM paciiupe- 
(MA: COOTBeETCTBEHHO 25-107; 21,8-10°-*7u 16,9-107?. 

B TocyfapcrsenHom onTuyecKoM uHcTHTYTe uM. C. HM. Basusosa Obiia mpo- 
efeHa MOJYMNpOH3BOACTBeHHad BapKa cTekla KC-192 B BbicoKouacToTHoH meun 
, KBaplleBOM ropuike emKocTb1o0 80 JI mpH Temnepatype 1650°. SkcnepumMeHtasb- 
ad BapKa Jala XOpOwlO MpoBapeHHoe, WOCTATOUHO OCBeTJIeHHOe CTeKJO. 

Kosdpunent pactiMpeHuad MCCeqOBaHHbIX HaMH CTeKOJI H3MeHAJICA Culelyto- 
uM OOpa3oM: 


naa 1 cepHu creKkon oT 35+10-7 Zo 26,3-10-7 

» II » » » S1elO=2 » 22,8-10-? 

Sy WUBES sy » » 26,1-10-7 » 49,7-40-7 

dL Vie » » D2 te Oman 15,8-10-7 
Tlocrynnao 
11 VI 1957 


WMTMPOBAHHAA JIMTEPATYPA 


1H. P. Hood, M. E. Nordberg, Glass Ind., Ne 11, 482 (1940). *M. E. Nord- 
yerg,H. E. Rumenapp, J. Am. Ceram. Soc., Ne 10 (1944). °C. HA. Pad, Kepamuxa 
reteKio, Ne 12, 13 (1937), *HW.U. Kutratropo zac ku it, Xumuyeckad HayKa MH MpoMbIlll- 
eHHocTb, 1, 1956. °® A. H. Tayspaabrep, Kepamuka u crexno, Ne 11, 15 (1935). 
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Jloxaane AkayqeMun nayrk CCCP 
1958. Tom 118, Ne 2 


PEOMOCHA 


J. E. PEPWWAHOBHY 


®ALMH COBPEMEHHBbIX OCA]KOB 
CEBEPO-3ANAMHOM YACTH OXOTCKOFO MOPS 


(ITpedcmaeaeno akademuxom JI. B. Haauexuneim 29 III 1957) 


Oxpaunubie Mops JambHero Bocroka yacTo paccMaTpuBaloTca B KayecTBe 
IPHMePpOB COBPeMeCHHbIX MOPCKHX PeCOCHHKJIMHAJIbHBIX OacceHOB, PacmosloxKeH- 
IX B Mpefledax PeOCHHKJIMHaIbHOrO Mosca Ha 3anaqHOH mepudepuu Tuxoro 
KeaHa.M3yueHne COBpeMeHHOrO OCaOUHOrO NOKPOBA HEKOTOPBIX U3 STHX MOPeli 
OKa3bIBaeT, UTO JlasleKO He Be3e yaeTCA BbIABHTb HaJIMuHe PeEOCHHKJIHHAJIb- 
bIX WpH3Hakos (° °). Bomee Toro, HaKOMMBIUMicA K HaCTOAIeMy BpeMeHU cbak- 
wueckHH MaTepHaJl; XapakTepH3yIOWIMH Kak JOHHbIe OTJIOKeCHHA OKPAaMHHbIX 
jopeH, TaK-H UX pebed, rHLposmoruiw, THApOXuMuIO HW OpraHHyecKkHi MUP, CBH- 
e€TeJIbCTBYeT O TOM, 4TO IPH BCeH OOULHOCTH Mpollecca OcamKooOpa3s0BaHHA B 
‘@KJIOM H3 MOpeH STOT Mpollecc mpoTeKaeT C PAOM CYLLECTBEHHBIX OTIHUNH 
| IPHMAaTePpHKOBOH, MpeHMYLIECTBEHHO WeIbPoBOH, H MpHOKeaHHMyecKOH, mpe- 
IMYULeECTBEHHO TJIyYOOKOBOZHOHM, 30HaX H MpHBOAMT K NOABJIEHHIO Pa3JIMUHbIX 
alu. UpesBpraiHo MOKa3aTeJIbHbI C TOM TOUKH 3PeHHA JOHHbIe OTJIOMKEHUA OO- 
IMpHOH CeBepO-3anaqHoH uacrH OxoTcKoro MOpA, WeJIMKOM OTHOCHLHeCA K 
[PHMaTepHKOBOH 30He. HaOsiogaemble 3flecb (allMH BeCbMa pasHOoOpasHbl UM M0 
[HOTHM CBOMM OCOOeHHOCTAM COMOCTABHMbI C (allWAMH SMMKOHTHHEHTAJIBHBIX 
opeli(?). Marepvasibl HCCVIeMOBaHUH NOCeAHUX JIeT TOBOPAT O TOM, B paccMaTpH- 
aemMOl uacTH OxoTcKoro MOps Ha BHeIWHEM Kpae MaTepHKOBOrO Wesbda Kpyn- 
OCTb OCAKOB He YMeHbillaeTcs, a, HaOGOpoT, yBelMuNBaeTcA. YuacToK pa3- 
UTMA HanOosee TOHKOrO OcayKa —IvIMHUCTOrO Hla — OKa3bIBaeTCA 3aMKHY- 
BIM H He CBA3AHHbIM C OOUIMPHbIMM MIOWAaLAMM TVIMHUCTOrO Hla B WeHTpe 
)xoTckoro mops. UTo KacaeTcA ula M NecuaHHCcTOrO Hula, TO OHH CMbIKaloTCA 

aHaJlOrHUHbIMH OTJIOXRKeCHHAMU APyYrHX PaHOHOB MOPA TOJIbKO OJIM3 CeBePHBIX 

eperos; K 10ry Ke, NOXOOHO TIMHUCTOMY MJY, OHM 3asleratoT pasOOUleHHO M pH 
JlayleHuu OT Gepera MepexOAAT B HJIMCTHIM MecoK u necoK. [locueqHue BcTpeuator- 
A KaK Ha MOBbIMMeHHAX Ha, Tak MW Ha rlyOMHaX B HECKOJIbKO COT MeTPOB, OT- 
CAA OOMbINYIO YACTb WIMCTHIX OTJOXKeHHH CeBepO-3allaya OT TyOOKOBOJHBIX 
WMCTHIX OcayKoB (puc. 1). Tloqo6Hoe pacnpeyenenve JOHHBIX OTIOKeHHH, 
3BeCTHOe HM JWIA HeEKOTOPHIX pyrux OGsacTel JasbHeBOCTOUHBIX Mopelt (2°), 
‘HepByto O4epelb 3aBHCHT OT H3MeHEHH B pebede MHa HM THApOsMHamuue- 
KOM pe>KHMe. 

Ha cespepex 3aliafe pa3sO6upaemol uactu OxorcKoro Mops OeperoBad JIMA 
3pesaHa Maso, rilyOHHbI MeHAIOTCA MOcTeneHHO H He MpeBblitiaiwoT 200—250 m. 
Ja yore, re HaxogutTca rpynna WlaurapcKux OCTpOBOB UM CepuA CpaBHUTeJIbHO 
y6OKO BU aOULUXCA B MATePHK Me@JKOBOJHEIX 3aJIMBOB, PIYOMHEIC yasieHvem OT 
epera BO3pacTaivT ellie MefieHHee. MHoe crpoenue uMeeT pesbed) (Ha B patoue 0. 
lOHbI, K tory OT Hero. B 9TO YaCTH MOPA HECKOJIbKO NOABOMHBIX BOSBbILNCHHOCTEH , 
Ha 3 KOTOPHIX YBeH¥YaHa rpaHOAHOpATOBEIM KOHYyCOM O. Moubl, OTA eNAOT 3Ha- 
HTeIbHbIe YuaCTKH wWemba ceBepo-3amaza OXOTCKOrO MOps OT CMEXKHBIX OOJIa- 
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crefi. OueHb XOpOWIO BbIPAayKeHbl KAHbOHOOOPAsHble MOMBOMHHIC HOR, CBS 
3aHHble C rl yOOKOBOJHBIM 2Ke/1000M K ceBepy OT Braquubl JLeproruna (+); rayOun! 


mocTuraior 3fecb 500—900 M, CKJIOHbI YacTO OTMMUAIOTCA 6OUIbIIOH KpY TSH 


mea 
HEALED 2 


Pac. 1. Cxemataueckaad KapTa (pallult COBPeEMCHHEIX OCAKOB CeBepo-3anaqHol yacTu OxoTcKo 
mops. IIpu6Opexube @awuu: J — HepacunenenHble, 2 — mecOK H HVJMCTHIi Meco 
3 — raneuHo-rpasHiinpie. [1 pu6pexHoMopcKHe hbawuu: O6nomMounbe: 4 — Hepa 
qleHeHHble, 5 — ravleuHorpaBHiinple, 6 — mecoK M HMMCTHI MecoK; O6OMOuHO-KapOoHaTHBl! 
7 — rameuHo-rpaBulinopakymeunpie. Mopcekue dawuu. O6nomounpie: 8 — mecol 
9 — uancrali mecok, JO — necuaHHcTIi Hi; OOIOMOUHO-KpeMHeBble, 1] — quaToMopas can 
una, 12 — yuaToMopas cbalima rauuuctoro una, 13 — rpannua rpynn dauni, 14 — rpanny 
Mex Ty OOJOMOUHEIMM HW OOJOMOUHO-OpranoreHHbIMH dbaluamu, 15 — rpanuua dauuit, 16 — ux 
OaTbl, 17 — yuacTKH HHTCHCHBHOYLO pa3MbIBa MOPCKoro Ha 


" 


B Takux yCOBHAX TrHApOwMHaMMuecKH pexKUMM, B KOTOPOM upesBHEuaiH 
CYLIECTBEHHYIO POJIb HPPaloT NPHWIMBHbIC ABJICHHA, MpeTepneBaer 3aMeTHBIe HE 
MeHeHusa. OOH MOTOK BOA, HalpaBJIeHHbIt BO BCeli CeBepo-3anayHOH act 
OxoTcKoro MOpA MpoOTHB YacoBol cTpenKu (°), HCMbITHIBAeT PA OTKONEHUE : 
MeHAeT CBOIO cKOpocTb. K s3anayy or o. Moust, n0-BuyqumMomy, pacnomaraertca of 
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acTb C KPYrOBbIM JBH2KeHHeM BOX HW MaJIbIMH IPHOHHbIMA cKOpocTaMH. O6 
TOM CBHJeTeJIbCTBYeT, B YaCTHOCTH, H HaXOMAWMUCA 3feCcb apeasl riMHUCTOTO 
ja (puc. 1). XapakrepHo, 4To ofHa u3 amctbuypomuyueckux ToYeK B OxoTcKOM 
ope, TOBOpAlad 00 OTHOCHTebHO MaJIOM NepeMellleHHH BOX NOX BAMAHMeM 
PUJIMBOB, Tak2Ke HAXOJMTCA MPHMePHO B 1O7%KHOM YACTH apeaa PIMHUCTOLO Asia 
®). Bo Bce cTOpoHbl OT OMHCbIBAeMOH OOMACTH NOABUXKHOCTh BO, BO3pacTaeT 
COOTBETCTBEHHO YBeJMYMBaeTCA KPYNHOCTb JOHHBIX OTMOKeHuH. Ilo Hanpas- 
eHHIO K JIMHMM Oepera H K O. Monbl 3TO CBaA3aHO PaBHbIM OOpa30M C OOM 
MeHbIMeHHeM MIyOuH, MO HalpaBeHHo K riy6OKOBO,HOMy *KeloOy — c MOsb- 
MOM IJIYOHHHBIX BO, COMPOBOKMawllMMCA POCTOM MIPHAOHHBIX cKOpocteli. 
COOeCHHO BeJIMKO NOBBILMeHHe KPYMHOCTH JOHHBIX OTOMKeHHH B palione [antap- 
KOFO MEJIKOBOAbA (CM. pu. 1), Pe MIpHIMBHbIe JBHXKeHUA BOABI MOCTUTAaIoT Ma- 
cumMyMa. bosbilad YacTb NocTynaiolero Cloa OOJIOMOUHOTO MaTepHasa BbIHOCHT- 
A 3a MIpeeJIbl MCMIKOBOAbA HU, BOSMOXKHO, U3MesbuaeTcn. Ha THe HakalJIMBawoTcA 
PeHMYlleCTBeHHO TpaBHHHOraseuHble OcaKH Cc HeOONbIWON, Kak TpaByuio, 
puiMecbio lecKa HM aJleBpHTa WH 3aMeTHBIM KOJMYeCTBOM LesIOoH Hu OuTOM pakylu. 
{dacrbl OOHaxKeHHA CKaIMCTOrO JHa, OCOOCHHO MHOPOUHCJIeHHbIe B MpOMMBAaX. 
HEKOTOPHIX IMIpOJIMBax, Te CKOPOCTH BOsbI JocTuraroT 10 KM/uac u Gousiee (°), 
IceMMeHTalHA OOJIOMOUHOTO MaTepHasia OueHb OrpaHvyeHa, a HepeKO BO- 
oOule He UMeeT MecTa. Bo MHOrHX CJTyYadX MPOMCXOANT MHTCHCHMBHbIM pa3MbIB 
MOpcKOrO J[Ha, XOpOWO MpocexKUMBaeMBIN MO MOpdosIorHYeCKHM Npu3sHakam. 
‘SHAaUHTeIbHYIO POJIb B OOOFAallleHUH WaHTAapCKUX OTOKeHHM KpyNHOOONOMOU- 
HbIM MaTepHaJIOM MrpaloT TakxKe MlaBparowle JIblbI. Kak uspectuo, WlastapcKxun 
paHou BbI,eAeTCA CpelM Apyrux palionoB OxortcKoro Mops CBOel NOBbILIEHHON 
leqoButocTb1. JIbybl pasHOCAT KPYNHOOGJOMOUHbIe YaCTHIbI H BO Bce Apyrue 
palionbl cepepo-sanala OxorcKoro Mops. OgHako 3a MpefesamMu nmpHOpexHon 
30HbI, HlaHrapcKoro MeJIKOBOAbA HM paliona oOo. VMonbl xkpynnoo6omouHble 
‘qacTHUbl HaOsmosaioTca pee. TaneuHo-rpaBHiHble OCaqKH HU3BeCTHbI Tak*Ke 
HW JIA HEKOTOPbIX yYaCTKOB Ha KPYTbIX CKJIOHAX NOBOAHBIX JIOKOUH. 

Tlecok, B TOM UHCJIe HM MbwleBaTbIH, WMpOKO pacmpocTpaHeH B CaxaJIvH- 
CKOM 3aJIHBe. SOTO OOYCJIOBIeHO HE TOJIbKO MaJIbIMH TvlyOHHaMH HM 3Ha- 
YATEIbHOH MOJBYXKHOCTbIO BOLL 3aJIMBa, HO M BJIMAHHEM AMYPCKHX BbIHOCOB. 
IlocrynieHue o6so0MouHOrO M oOpraHoreHHoro MaTepHasia B OCafKH pa3- 
JMUHDIX paHOHOB ceBepo-3anafga Oxorckoro MOpA CHJbHO Bapbupyer. Ha 
3HaUNTeEIbHOH YaCTH MpHOpexKHOHM 30HbI MU Ha Wesrbde JO rayOuH oKoo 100— 
120 mM oOmoMOUHDIM MaTepHan pe3KO MpeoOmafqaeT Hal opraHoreHHbiM. O7- 
HaKO TaM, re CKOPOCTH JBHXKeHHA BOX MOCTATOUHO BeMKH H rye ceqMMeHTAallNA 
OOJIOMOUHBIX YaCTHIL Orpanwyena, cO3aoTCA ONarONpUATHbIe YCJIOBHA MWA 3a- 
MeTHOrO HaKOMJICHHA B COCTaBe OCaKOB OpraHOreHHbIX KOMIIOHEHTOB B Buse 
Welou, a uatle Bcero OuTOH pakywM. O6pa3syroulueca rpyOble OTJORKeHHA CO- 
CTOAT H3 raibKU, PpaBHA MU pakYLWIN H HUYTORKHOK OOBIMHO NpPHMeCcH NeckKa H aJleB- 
puta. Kak MOxKHO JyMaTb Ha OCHOBe OrpaHHUeHHbIX MOKa elle JaHHbIxX, OHM 
MMeIOT HeEOOVIbILNYIO MOMLHOCTb. HepeaKoO UX Ha3bIBalOT «MePeMbITLIMH FPyHTaMh». 
«IlepembiTble rpyHTbI» IMpoKO pasBuTb! Ha LlaHTapcKOM MeJIKOBO/[be H Ha MaJIbIX 
ruiyOuHax B patoue oO. Mounl, BOM3H CKaJIMCTHIX OeperoB HM B HEKOTOPHIX Pyrux 
Mectax. Iloqo6ubIe cMelliaHHble OOJIOMOUHO-KapOoHaTHble (al OKa3bIBaIOTCA, 
TaKUM OOpa30M, BeCbMa XapaKTePHbIMM JIA MHOTMX Y4aCTKOB C NOBHXKHbIMU 
BOJaMM HM CpaBHUTebHO MaJIbIMH CKOPOCTAMH OCalKOHaKOMJeHHA — YUaCTKOB 
«nepembiBa». IIpeaqcTaBaeT HHTepec TO OOCTOATEIbCTBO, YTO Ha CeBepo-3anaye 
OxoTcKoro MOpsA KPyMHOOGJIOMOYHEIe OTIOXKEHHA HEPeAKO BCTPeyaIoTCA Ha 3Ha- 
YMTeIbHOM YaieHuM OT GeperoBol JHHUM WM Ha OOMbUIMX MoWlayAX. STO ele 
pa3 MOATBEpxXaeT BO3MOXKHOCTL OOPas0BaHHA OCaKOB, OIM3KHX MO CBOHM 
CTPYKTYPHBIM OCOOeHHOCTAM K KOHTWIOMepaTaM, BHe GOeperoBoli 30HbI (°). 

Vnaa KapTuva Ha6slofaeTca B HanOoulee 3aTHUIHbIX YUacTKaXx, Pacnolo*Ken- 
HbIX Ha OOJIbIIOM paccTOAHUM OT GOepera, re Takxe OOpasyloTcA cMeLaHHble 
O6JOMOUHO-OpranoreHHble caluu. OHako nocmequHe HMeIOT TOHKHM MeXaHH- 
YeCKH COCTAB H ABJIAIOTCA He OOJIOMOUHO-KapOOHaTHBIMH, a OOJIOMOUHO-KpeMHe- 
BbIMM, TOCKOJIbKY B OCaqKaX MPOMCXOAUT HaKOMJIeHHe KPeMHEBbIX OCTATKOB 
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JMaTOMOBbIX BOopocsei. TlocrynieHHe oO/loMO¥HOrO MaTepHasia B TaKH}} 
yuacTKaxX TaK}Ke COM3MepHMO C TOcTyMeHHeM OpraHOreHHOro. B o6ureili 
cxeme (paul ocayKop ceBepo-3alafa OxoTckoro MopaA 0 yC/OBMAIT 
3auleraHuAl MOXKHO BbIJeIMTD TPH rpynnb cau: mpuOpexubie, mpHopexy 
HO-MOpCKHe, THMMYHO MopcKHe. OGoco6meHHe MpHOperxkHO-MopcKUXx dali 
BbI3BaHO. TeM, 4TO B paccCMaTpHBaeMOli YacTH MOpx mpHOpexHBli 
YCIOBHA CeMMeHTAalMN B pe ciyyaeB He OrpaHMyMBaIOTCA Y3KOH HNOOCO! 
MaJbIx riy6uH. B HeKOTOpbIX paHouHax NO BAMAHMeM TIPHJIMBHBIX ABJeHMIE 
(B MeHbIUe CTeneHM—1aBaloulNX JIbAOB) STH YCJIOBUA B U3BECTHOM Mepe Mepexo 
IAT Ha 3HaUMTebHbIe MWOWLaqH OTKpbITOrO MOpcKOrO MpoctTpancTsBa c riyOuHalh 
MM B MHOrHe JleCATKM MeTPOB. THMMYHbIe MOPCKHe MeJIKOSePHHCThIe OCaKH If 
TaKHX paloHax 3auleraioT 3HauMTesbHO ruyOxKe, yeM OObINHO. Hanpumep) 
61u3 Ilanrapcekux ocrposos u Oo. Moxnbi mecok M HJIMCTHIM MecoK NOABMAIOTCSIh 
B OOJIBIUMHCTBe YYaCTKOB Ha rlyOuHax oKOIO 70—90 M u axe Oovlee, Tora Kak} 
B paiione Oxorcka, rye BOJbl ABMXKYTCA MeJIeHHee, OHH Ha4uMHalOTCA MOUTH 
HemocpefCTBeHHO y Oepera. t 

Ocaqku Kako rpyunbl dau ormmuaioTca TakxKe HM 10 CBOeH mpeoOsa ih 
jatolea okpacke. B npHOpexHbIx (aluaAx yale Bcero HaOsofaeTcA Cepash 
oKpacKa, B MpHOpexHO-MOpCcKHX — 3eJIeHOBaTO-Cepasd; B THIMYHO MOPCKMX) 
(palluaAxX Wa WH TIMHHCTOTO WJla DOABJIAeTCA TOHKad OypOBaTad OKHCJIeHHasi 
MOBEPXHOCTHad IWIeHKa (HECKOJIbKO MHJIJIMMeTpoOB). i 

PacemaTpuBad pa3MellleHHe OTJeIbHbIX *alluH, Mbi BHJHM, YTO OHO Oouech 
MHOrooOpa3HO B TeX OOAaCTAX, Pe pembet SOeperoB HM WHa MeHAeTCA OCOOeHHC! 
pesko. Kak noKkasbiparor Januble JI. UM. Kpacuoro (*), reouornvueckoe crpoeHuep 
TaKUX OOMacTeH OTMH4aeTCH 3HAUHTeIbHOM ClOx*KHOCTHIO. TaM Ke, re MOpCKoes 
HO O6pa30BaHO BbIPaBHEHHbIMH reoJIOrHyeCKMMH CTPYKTYpaMH, NOrpy3HBUIMMA- 
CA MO, YpOBeHb MOPS, (pallMaJIbHbIM COCTaB COBPCMEHHBIX OCAKOB CpaBHHTeJIbHO 
MpocT, HM OMHOTHMHbIe *auHH 3aHMMaloT OovbiuMe MIoMaIM. ‘ 

MoxkHO KOHCTaTHPOBAaTb, UTO B COBPCMEHHOM OCaJOUHOM MIOKpoBe BCceli CeBepo- 
3anlaqHolu uacru Oxorckoro Mops MBI He HaOsIOMaeM MpucyulMe reOCHHKJIMHAaJIb-I 
HbIM (palluimM XapakTepHble uepTnl (°,°). TlocaeqHHe xcpolio BbIpaxKeHbl B MpH- 
OKeaHwyecKOH 30He, IpHypoyeHHOH K aulbmulicKuM cTpyKTypam (°,!,4), rorga 
Kak yuacTKH JHa, CPOPMHMPOBaHHbIe Me3030HCKHMH COOPyXeHHAMH, UMerIOT 
ocaOuHbId NOKpOB MiaTPopMeHHOrO THMa. STO Take MoOsTBepxKaercaA Hes 
TOJIbKO OTMCYCHHBIMH BBILe OCOOCHHOCTAMU JOHHBIX OTOXKEHHM, HO H CYMLeCTBeH- 
HbIMH, a HepeKO M pe3KHMH OTJIMYHMAMH B TeTporpado-MuHepasoruyecKOM CO-; 
cTraBe MHOrHX OCaqKOB MNpHMaTepHKOBbIX MH MpwoKeaHWyecKUX OOmacTeli. Tak, 
B 4YaCTHOCTH, OCaKH ceBepo-3anaya OxoTckoro Mops He cosepxKaT KaKUX-sH60, 
MpOAYKTOB COBPeMeHHOrO ByJIKaHu3Ma. Cpequ KpynHoo6s1oMouHOrO MaTepHawa; 
mpeoOsaqaror raiibKa WU rpaBuli OM3exwKawlHx CeperoBblx MOpod, cpequ mecua- 
HOrO M aJleBPpHTOBOrO — BBIBeTPeJIble 3epHa, OOJOMKH MOpOs, MOeBbIe UWINTAaTHI,: 
KBapll, HHOra CJIOAb B MerKUX PpakUMAX, SMMAOT, OOBIKHOBeHHAaA poroBasA 
oOOMaHKa M MOHOKJIMHHbIe MMPOKCeHbI B TaxKeILIX. B mpHoKeaHMuecKHXx 2Ke O6- 
JlacTAX, KAK OTYCTIMBO BbITeKaeT H3 Pe3ybTaTOB uccAenoBanuh B. II. Tere- 
JMHa (*), WIMpoKO pacnpocTpaHeHbl NMpoKsacTMuecKNii MaTepHal, MarHeTUT 
HM THTAHOMArHeTHT, THMepcTeH HM HeKOTOPbIe ApyrHe KOMMOHEHTEI. 


‘ 


BeecolosHblit HAayYHO-HCCAeOBaTeMbCKHIt HHCTUTYT Iloctynus1o 
MOPCKOrO pbIOHOrO XosAiicTBa HM OKeaHOorpadun 22 III 1957 
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Jloxxaygn Akagwemun nayx CCCP 
1958. Tom 118, Ne 2 


[EOJIOPHA 


C. M. JOPOWKO 


K CTPATHIPA®MN. CPEAHENAJIEO30HCKUX OTJIO)KKREHHM PAHOHA 
O3EP MATAPAK HM HWIYHET (CEBEPO-MMHYCHHCKAS BMAMHA) 


(ITpedcmaéeaeno axademuxom C. H. Muponossim 10 IV 1957) 


Cepepo-Munycunckad BiayvHa ABJIAeTCA CeBepHOH B CHcTeMe TeplMHCKHX 
MeXXTOPHBIX BlaquH tora KpacnospceKoro Kpas. Ha tore ona orpaHuuena Bare- 
HeBCKHM KPsxKeM, Ha CeBepe CoJIrOHCKMM MOJHATHeM, a Ha 3allajyle H BOCTOKe — 
cooTBeTcTBeHHO Ky3Heukum Aua-Tay u Bocrounbim CasHom. 

B crpoenuu Cepepo-MunycuHckol BnalHHbI MU OKPYyXKatollux ee TOPHbIX Cco- 
OpyXKeHHH MpHHUMaIOT yuacTHe TOPOL! AOMeBOHCKOTO, JeBOHCKOrO, HH2KHeKa- 
MCHHOYFOJIbHOTO, MepMCKOTO H IOPCKOTO BO3pacTOB, KOTOPbIMH CJlaraloTca TPH 
CTPYKTYPHBIX 9TAKa, a TAKKe YETBEPTHUHbIe OOPa30BaHHA. 

Tlowepouckve OTJOXKeHUA, MpefcTaBsIeHHble WONaseosoHCKHMH HW HYKHe- 
MaleO3OHCKHMH OOpa3s0BaHHAMH, CJlaraioT OopTa BMaXMHbI HW NpescTaBsMAIOT ee 
dyHament. JIurosormueckui cocTaB UX XapaKTepH3yeTcsH CHJIbHO MeTaMOp(pH30- 
BaHHbIMH M3BeCTHAKAMH, ClaHWaMu, TypaMH, HHTPY3HBHbIMM Noposamu u appy- 
3MBaMH. SOTO TaK Ha3bIBaeMbl KaJIeMOHCKHH CTPyKTYPHbIM 3TAaAXx. 

J{eBOHCKHe OTJOMKEHHA 3aleraloT Ha NOAcTHMalollem cbyHaMeHTe TpaHcrpec- 
CHBHO HC YIJIOBbIM HECOrlacHeM, IpecTaBJAA repUMHCKMH CTPyKTYPHbIH 9Tax. 
B wwKHeli UX YacTH B palione o3ep Marapax u ILlyuer eure B 1952 r. aBropom Ha- 
cTOAMeH CTaTbH (!) BbILeAJICA BYJIKAHOreHHO-TeppHreHHbIM KOMIMIeKC Mopo, 
MO T@KTOHHYeCKOMY KOHTAKTY IIPHMbIKaIOWIMH K MpaMOpH30BaHHbIM H3BeCTHA- 
KaM KeMOpna (puc. 1). Pa3nMuHbli mHTOMOrMYeCKHH COCTaB OTJOKeHHH 9TOTO 
KOMIWIeKCa MO3BOJIMJI paCWICHHTb ero Ha [Be TOJIMH: HH2KHIOIO — BYJIKaHO- 
reHHYIO HM BepXHIOIO — MpeMMyllecTBeHHO TeppHrenHyio. B TydoreHHblx mecua- 
HUKaX UM TyO-aleBpOIMTAaX HWKHeH TON emule B 1952 r. (1) ObluiH OOHapy2xKeHbl 
oTMeyaTKH MpHMUTHBHO NcHsOpUTOBOH cplopsl, cpequ KoTOpoH E. M. UupKosoi- 
3anecckol (7) onpenenenpt: Psilophyton Goldschmidtii Halle, Minusia antiqua 
Tschirk., Taeniocrada decheniana Goeppert, Dicranophyton primaevum 
Tschirk., Drepanophycus spinaeformis-Arthrostigma gracile D., Psilophyton 
princeps Dawson. 

B 1954 r. atu cOopbl NoNOHHIMCb elle JBYMA HMXKHeCBOHCKHMM BHJaMuH: 
Matharakia inopinata Tschirk. u Hyenia Doroschkia Tschirk. (ompeqenenue 
E. ®. Unpxopott-Saneccxon). Bepxuaa, TeppHrenHad, TOJMa NOApasqemnercs 
Ha jjBpe mauKkH. B 3emeHoBaTo-cepbIx TY*OreHHEIX NeCuaHvKaX HWKHeEHM MayKH 
TakxKe OOHAPYXKeHbI OTMeVaTKH MPHMHTMBHON NcHoduToBoH diopy (1), cpequ 
KoTopoh E. ®. UnpKopoli-Sanecckol onpesevieHbl CeMyIOUlNe HM2KHEeBOHCKHe 
dbopmui: Psilophyton Goldschmidtii Halle, Ps. princeps Dawson., Arthrostig- 
ma gracile Dawson., Minusia antiqua Tschirk., a B 1954 r. nomumo sTux dbopm 
Haligqen Calamadendron matharacense Tschirk. B Tyco-anespomuTax HH KHUX 
rOpH30HTOB BepxHell maukKH OGHapy2xKeHbI xopowel coxpaHHoctu Ps. Gold- 
schmidtii Halle. 

Ananu3 mpuBesennoi Bple crop, BCTpeveHHOM B BepXHeli HW HKHeM TOI- 
aX, H BbIACHeHHe BO3PAaCTa KaK OTJCbHEIX ee (OPM, TaK HM BCerO yKa3aHHOTO 


309 


BBIe KOMMeKca, nosBouum E. ©. UnpKosoii-3anecckol (1, *), yCTaHOBHTI) 
HWKHEJCBOHCKH BO3pacT BMeUlalollMx sTy duopy oTMOwKeHHH. K anasioru4y 
HOMY BbIBO,y B 1954 r. mpumen Taxxe A. P. Ananb} 
€B, COMOCTaBMB 29TH OTJIOKeHHA C KPACHOWBETHBIMI |i 
oOpasoBanuamu c. Toprammuo (palion r. Kpacnoap} 
CKa), B KOTOPbIX Tah*Ke COJepKUTCA HU KHECBOHCKAS fi 
cplopa. . 

B 1956 r- npw usyyeHuu paspesa HMAKHeL YaCTHE 
TeppurenHoli Tom B palione osep Marapari 
u LUlyner asropom copmectuo c A. HM. Vpanospin§ 
u B. M. Huxumeso B 3eueHOBaTO-cepbIx Tydo-f 
TeHHbIX Mecuanukax ObWIM HalifleHbl OCTaTKH 9SBPH-h 
mTepH. OTH ocTaTKM MNpeCTaBJIeHbl HeCKOJIbKHMH| 
9K3eMIJIAPAMH MPOCOMbl MH pa3pO3HEHHbIMH CerMeHy 
TaMH aOjomMeHa, KOTOpble, mo MuHeHuIO H. HY. Ho-f 
BOXKMOBa, MpHualwexkatT K poxy Hughmilleria sarle.} 
Ou xapakTepH3y10oT HOBbIH BH, HanOosee O.M3- 
Kui Buy Hughmilleria norvegica (Kiaer) u3J 
Rayutona Hopseruu. Takum o6pa30m, HaleHHble 
OcTaTKH 9BpUuNTepuy aloT OCHOBaHMe Mpefnoda- 
— TaTb [IpeBHHH BO3pPaCT BMelaIOWIMX OTJIOKeHHH 
a COBMeCTHOe HX HaxOKJeHHe C NPHMHTHBHBIMHG 
| HHWKHEJEBOHCKHMH pacTeHHAMH He MpOTHBOPeYHTS 
| HWOKHEJ@BOHCKOMY BO3pacTy 9THX OOpaso0BaHHl. j 

IIpencraputenu pofa Hughmilleria uspecrubly 
3 HM2KHeTO HM BepxHero cumypa CeBepHo Ame- 
pukKu, u3 BepxHero cumypa Wiotnawquu, Axraun 
u Hopsernn (no HY. VW. Hosoxunosy). Ux} 
OocTaTKH OOHAapyxKeHbI Take B cpelHeM JeBOHe} 
(KHBeTCKHH sapyc) Tyspl. | 

HeckouIbko xymiweH COXpaHHOCTH OCTaTKH 9BpH-) 
nrepuy OblH HaliJeHbl B OCaMOUHHIX OOpas0BaHH-| 
AX HWKHETO JeBOHa CeBepHee mpucTranu Ycrb-Ep6a, 
(meBoOepexbe Enuces), a TakxKe B aHasIOTHUHbIxX 
O6pa30BaHHAX Ha p. Cucum. 

Bpnueexamwe (puc. 1), B OCHOBHOM KpaCcHO- | 
IBeTHbI€e, OOpaso0BaHHA, pasBUTbIe B palione o3ep, 
Matapak w IllyHer, cofepxxaT mpeumyulecTBeHHO 
tide audenbeKxyio daopy (!,?) — Hostimella hostimensis 
=, Go Lele P.t Br. nu mepexogunie cbopmst Ps. Goldschmidtii, 


an 6 FSe 
areata 
Puce. 1. Paspe3 OTJIOMCHHH HWKHeETO H cpeqHero Je€BoHa B palio- 


3 (46 ]7 F55]/ we ozep Matapax u Llyner. 1 — aprunaut, 2—anespoaut, 3—. 
= TyoreHHblli Mecuanuk, 4 — TycoOpexuua, 5 — Tytbo-anespo-. 
ol G [@ Je Pz aut, 6 —nopbuput, 7 —dnopa, 8 —dayna, 9 — asspunTe ° 


pumas, JO — necuanux, J] — uspectuax, 12 — meprenb I 
; 


Halle. Bospacr stoi KpacnouBerHol Tom, NOKPbIBaeMOH BIE M0 pas-| 
pesy daynuctuyecku OxapakTepH30BaHHBIMH BePXHEXHBETCKUMH OTMOKeHUA- 
MH, B HMKHeH uacTH, BHMMO, OyfeT 9icbenbCKHM, TOrf—a KaK BepXHAA 
€€ NaCTb, 0 BCeH BEPOATHOCTH, OyeT COOTBETCTBOBATbh HH2KHEMY XKHBETY. | 
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TPEOJOLH A 


K. A. KJIMTHH 


Ob OCOBEHHOCTSAX PASBHTHA HEKOTOPbIX TEPIMHCKUX 
CTPYKTYP TYBbIi 


(ITpedcmasaeno axademuxom H. C. Llamcxum.9 IV 1957) 


TyBHHCKadA MexKroOpHad BMayMHa B TeEKTOHHYeCKOM OTHOLIEHHH MpescTaBAer 

ylinyro repUMHCKYIO CTpyKTypy, CPOpMHpOBaHHYIO Ha KaJleMOHCKOM CKJlaqua- 
M OCHOBAaHHH. Beslylily!0 poJlb B ee CTPOCHHH, Kak 9TO ObIIO YCTaHOBJIeHO pa- 
e3. A. Jle6enepou, H. C. Satitespm u ap., urpaer rbi6opan TekToHHuKa. Bca 
alMHa COCTOHT H3 OOJIbIUOTO KOJIMYeCTBa KPYNHBIX WH MeKUX Tibl6, HaxOmsA- 
XCA [pyr c ApyroM B CIOKHHIX B3AHMOOTHOMeHHAX. BHyTpu ee BbI-eAeTCA 
PCKOJIbKO KPYMHbIX MOJIOKUTEIDHLIX CTPYKTYP — FOPCT-aHTHKJIMHAJIbHbIX NOL- 
ATHH, PasesAIOULMX BNaMHY Ha PA CHHKJIMHAIbHBIX MporHOoB. B wexTpasb- 
WM uaCTH BMAaMHbI pacnosiaraeTca Tak Ha3blBaemoe LleHTpasbHO-TyBuHCKOe 
IHATHE, COCTOAMLEe H3 CIOXKHOH MO3aHKH TOPCTOB UM rpadeHoB, MpHNOAHATON 
PHOCHTEJIbHO COCe€JHHX YYACTKOB BiaquHb!. Bxoyaliad B cocTaB NOJHATHA 
AHTOJIbCKaA TOPCT-aHTHKJIMHAJIb MpeCTaBAeT 3HAUHTeEIbHbIM HUHTepec AIA 
HHMaHHA HeEKOTOPbIX MOMe€HTOB HCTOPHH OpMHPOBaHHA TVIbIOOBbIX CTPYyK- 
yp. BosnrojibcKad TOPCT-aHTHKJIMHab MpOcTHpaeTcaA B IWMPOTHOM HalipaBue- 
M, ee WwiMHa WocTuraet 50 kM, WWHpHHa 20—25 xm. Ha ceBepe ona rpaHH4unt 
YIOKCKOH rpaOeH-CHHKJIMHAaJIbIO, OTACMAACh OT Hee CYOWIMPOTHBIM pa3JIOMOM; 
jory oT bosHrosbcKoH cTpyKTypbl pacnosiaraetca SanayHo-TaHHyoJIbcKuh 
HKJIMHAJIbHBIH MporHO, Ha rpaHHlle C KOTOPbIM MpOMCXOAUT peskHH Nepernd 
BOHCKHX H KAaMeCHHOYFPOJIbHbIX TOJIM, a B NOposax KeMOpHA HM CHyDa OOHAa- 
YXUBaeTCA WIMPOTHAA 30Ha ApoOuenuA. 
TlonepeyHoe cTpoeHve CTPYyKTYypbl Ppe3KO ACHMMCTPHUHO, a HMCHHO C ira 
BOCTOKa) €€ KEMOPHHicKoe AAPO NOCMeMORATEIbHO OOeKaeTCA CHJYPHHCKMMH, 
@BOHCKMMH, KAMCHHOYFOJIbHBIMM, a MeCTAMH HM IOPCKHMH OOpa30BaHHAMH, Tora 
aK Ha CeBepe HenocpeACTBeHHO Ha KeMOPHHCKHX NoOpoOfsax Me*KaT TOJbKO Ka- 
(CHHOYTOJIbHbIe HW OpCcKHe OTMIOKeHHA. ACHMMeETPHA XOpoWo OOHApyxXHBaeTCA 
[PH PaccMOTpeHHH M3MeHeHHE (hallMH HW MOLHOCTeH! JeBOHa NoMepek crTpy- 
TYDpbI. 

Jiepouckue noposbt B TyBe nmpefctaBsienbl ballasIbHO H3MCHYHBbIMH’ KOHTH- 
@HTaJIbHbIMH WM Jal yYHHO-KOHTHHEHTAJIbHbIMH, B OCHOBHOM KPpaCHOLBeTHbIMH OO- 
a30BaHHAMM, paCWIe€HAIOWIMMHCA Ha [Ba KPyIHbIX KOMMekca. B crpoeHHu 
WOKHETO KOMIVIeKca (HHKHHH DeBOH — alidesib) CYUIECTBeEHHYIO POJIb HMIpatoT 
CHOBHbIe HW KUCJIbIe acPy3HBbI, YepeAyIoulHecA C MeCTPOOKpaleHHbIMH Necua- 
(MKaMH, KOHIIOMepaTaMH H Mepreslamu. BepxHuit KOMMIeKc (2KMBETCKHM Apyc — 
ePXHHH JeBOH) CIOKeH KPaCHOLUBeTHBIMH MW CePOMBeTHBIMH NMecuaHO-rpaBevH- 
OBbIMH OTJIO%KCHHAMH. 

Ha mpuuaraemoi cxeme (puc. 1), nokasbiBaloleH pacipeyemeHve JEBOHCKUX 
TIOXKEHUM B IpPeAKAaMeCHHOYTOJIbHOe BPeMA NOnepeK BosaurombeKoH ropcet-ayTu- 
IMHaIM, BUIHO, YTO HaHOOJIbINHe MOWLHOCTH CocpefoTOYueHbI B SanayHO-Tau- 
[YOJIbCKOM CHHKJIHHAJIbHOM MIporHOe. Paspe3 eBoua 3fecb HempepbIBeH, B ero 
TPOCHHM 3HAYHTeIbHY!O POJIb HIpaloT PIMHMCTHIe H KapOouaTHble NOPOMb, yr- 
lOBbIe HECOracuA OTCyTCcTByr1OT. Ilo HanpaBseHuIo K BoxnrombeKoh ropct-ax- 
VWKJIMHAIH MOULHOCTh COKpalllaeTcA, H3MeHAeTCA (allMaJIbHbIM cocTaB MOpoL, 
IPH4eM HavOOMbINIMe H3MeHEHHA MpPOHCXOMAT Ha pane ropcT-avTMKMMHAIN 
 CHHKJIMHaJIbHBIM MpOru6om, Te HMEIOT MECTO He TOJIbKO CyIO*KHbIe (allMa/ buble 
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FPEXOALI, HO M BEIMaeHHe OTeNbHBIX CBUT, a TakxKe NOABMeHHE TMepepbIBOB HU 
;OBLIX HecormacuH. Cesepo-sanalubil Gopt BosnroubeKol ropceT-aHTuKIMHa 
fleH J€BOHCKUX OTJIOXKeHHH M MepeKPbIT KaMeEHHOYTOJIbHBIMA TOposamn. 
aK JeBOHAa 3eCb He HaKOMJIAIMCh, a CCIM WH HAKOMIAIUCb, TO OBICTPO PasMbI- 
\JIMCb BO BpeMa” MepeppiBos. B YiokcKol rpaOeH-cHHKJIMHaIM, HeMocpescTBeH- 
) BAOJIb pani! c CeBepHEIM OopTom boanrosmbcKolt crpyKTYpbl, NOABIAeTCHA 
pUIHbIH (10 4500 mM) paspes 2eBoHa,CIO2%KeHHEI rpyOooOOMOUHLIMU NoposaMu. 
OcoOeHHO CylecTBeHHble H3MeHeHHA, NPOHCXOAAMMe BKPecT, K MpocTupaHuio 
HOAHTOJIBCKOH CTPYKTYPbl, OTMe¥AIOTCA DIX HM2KHeJeCBOHCKUX OTJIOXKeHHH. 
| SananHo-TaHHyOuJIbCKOM CHHKJIMHAJIbHOM MporvGe OHM CilaraloTca MOLILHBIMH 
DKpOBaMH MaOasOBbIX NOpPupHToB, albOuTOPUpoB UM KBapleBbIX NOpdupos, 
PpeAYIOULMMUCA C MeCTPOLMBeTHbIMM TleCdaHHKaMH, CaHWaMH MW M3BeECTHAKaMH, 
pep2KalllMMM OCTaTKH OCTpakO u pactreHui. OGujaa mMoujHOocTh 2500—3000 m. 
Ilo Hanpapsenuio K BosxurosbcKok TopcT-aHTHKIMHAaIM, HapAy.c yMeHbue- 
€M MOULHOCTH, MPOMCXOJMT 3aMelleHHe M3BeCTHAKOB, MepresleH HM Canes 
DaACHOLLBETHBIMH MeCuaHHKaMH H aJleBPOJIHTAaMU, HEKOTOPbIe NOKPOBbI Nopdupu- 
DB M allbOuTOUpOB y rpaHHl C rOpCT-aHTHKIMHAJIbIO BLIKIMHUBAIOTCHA Halles. 
VMHok pa3pe3 Hw2xkKHero WeBoHa HaGslosaetTca B Y1OKCKOH rpaGeH-CHHKJIMHAIH, 
le OH CJIO*KeH KPaCHOMBeTHbIMM KOHTVIOMepaTaMH HW rpaBesMTaMN, Yepeyiouly- 
McA C BYJIKAHOFeHHEIMH OOpa30BaHHAMH, MpvyeM BAOb TrpaHullbl rpabex- 
MHKJIMHAaIM C POPCT-aHTMKJIMHaIbIO pa3sBHTa MOllHad cepua (20 1500 M) Ba- 
HHbIX KOHTVIOMepaTOB, HaNOMHMHAIOWIMX THMMUHbIe KOHTAOMepaTbl NOAHOKUH. 
jalbKa KOHTVIOMepaTa COCTOHT H3 KPYMHBIX (0 0,5 B MomepeuHHKe) HM HeOTCOp- 
MPOBaHHBIX OOJIOMKOB dayHHCTHYecKH OXapaKTePH30BaHHbIX CHJIYpHHCKHX 
poPoa. IlomoxeHve HM COCTaB KOHIJIOMepaTOB YKa3bIBaloT, YTO MaTepHasl WIA 
ibe (OpMHpoOBaHHA NOCTyMal C pe3sKO MpHMOAHATOTO HM BbIpaxKeHHOrO B PeJIb- 
ie B BUe ycTyla ceBepo-3anaqHoro Oopta BoxHrosibckol YropcT-aHTHKJH- 


i 
Hag. 

TopH30HT KOHIIOMepaTOB C raJIbKOH CHypHlickux Nopod mpocsexkuBaerca 
lakxke H 0 joxKHOMY Oopty bosurosbckol CTPYKTYpbl, HO e€fO MOULHOCTb TaM 
fe TpeBbliiiaeT 50—70 M. Oro cBufseTesbcTBYeT O TOM, UTO J PeCBHAA MOBEPXHOCTb 
HOAHTOVIbCKOL TOPCT-aHTHKJIMHaIM Ha tor Oblia HaKJOHeHAa Coulee PaBHOMePHO 
| He OOPbIBaIaCb CTOJIb Pe3KO, Kak Ha CeBep. 

| SicdenbcKkue oOTOKenHHA SamaqHo-TanHyoMbCKOrO CHHKJIMHAaIbHOTO Mpo- 
mOa, MocTuraiulwe MoulHocTH B 3500 M, HawHHalOTCA OXapaKTepH30BaHHbIMU 
KOpCKOH (ayHou MeprelAMu, ClaHWaMH WM MecuaHHKaMH, YepeyIOWMMUCA C MO- 
[pOBaMM OCHOBHBIX HW KHCJIbIX 9(PY3HBOB; BbIMIe OHH CMCHAIOTCA KPaCHOLBeTHBI- 
tM MecuaHukaMHu, TpaBesMTaMH MW KOHTIOMepaTaMhH. 

| Ha 10x*xHOM kKpbiie BosHrodibcKoH TopcT-aHTHKJiMHaM KapOOHaTHO-IvIMHH- 
|The MOPOMb 3aMellaloTCA KpaCHOUBeTHLIMM NecuaHuKaMH 4H aJleBpOJIMTaMH, 
wopcKad (bayHa HCuesaeT, NOABJIAIOTCA MICeBAOMOPCo3bI NO KAMeCHHOH COJIM HW pa- 
ITHT@IbHbIe OCTATKH, a B BepXaxX Apyca MpocmexkuBaeTcA yruioBoe HecorsacHe. 
B Yiokckoli rpa6eH-cHHKJIHHaJIM SudeNbCKHH Apyc CJIOMXKeH BYJIKAHOreHHbIMU 
KOHTHHEHTAJIbHbIMH TpyOOOGJIOMOUHbIMH KpaCHOLWBeTHbIMH OOpas0BaHHAMH. 


(POCIe2KUBAIOTCH KOHTJIOMepaTbl NOXHOMKLA, IPHYeM KpOMe ralek CHTYPHUCKUX 
{OPO B UX CTPOECHHH GOJIbIIYIO POb HTpaioT TasbKH HM KHEMeCBOHCKUX scdy- 
|MBOB. 

| OrnoxKenus XKMBeETCKOLO Apyca B OCeBOH UacTH 3anaqHO-TaHHYOMbCKOrO CHH- 
‘MMHaIbHOrO MpornOa 3asleraroT cormacHo. OHM MpescTaBJIeHbl aryHHbIMu ce- 
POILBeETHBIMH MeC¥YaHO-rIMHMCTO-KapOOHaTHBIMH NopoyaMu,  coOjepxKalllHMu 
\cTaTKH JIMcTOHOrHX u pbI6. MoutHocTb 650—700 m. Ha toxxom Kpbisie BoxHroub- 
[KOH CTPyKTYPbI B OCHOBaHHH Apyca NOABAeTCA YrIOBOe HECOTVIacHe, CepolBeT- 
ble TOHKOOGJIOMOUHbIe MOPOAbl CMeHAIOTCA KPACHOLUBeTHBIMM MecuaHHKaMM 4 
paBemutTamu, tbayHucTH4ecKHe OCTATKH HCUeSaIOT, a MOLMHOCTb COKpalllaeTca 20 
(O—150 . 

 B Yoxcxoh rpa6ex-cuHkIMHaNM MOULHOCTb xKuBeTa CocTaBAeT yxKe 500 M, 
1 BCOCTAaBe CaralouluX eFO MO POA MOAB AIOTCA KAPOOHATHBIE H MeJIHMTOBbIe NOPOAEI. 
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HeckouIbKo cBoecoOpa3Hble H3MeCHEHHA MpeTepleBaloT BEPXHCACBOHCKHE O 
oxkenua.B 3anaquo-TauHyovlbckoM iporuOe OHM MpescTaBJleHbl MOHOTOHH( 
cepHelt rpy6o KocOCJIONCTHIX MecuaHbIx NOpox oOujeH MoulHocTHIO Zo 800—300 
B paiione 1oxHoro Kpbima BosHroubcKOM TOpCT-aHTHKJMHaIH UX MOLIHOC 
cokpaujaerca 0 300—400 M, a B HuxKuHeli M BepXHeli YacTAx paspesa Mpeods 
laxoT KpaCHOUBeTHbI€ KOHTVIOMepaTHl, Cofep*xKalllue TalbKY, COCTOALMLYIO K3 M0 
CTHIAIOWUX MOpos Wepona, culypa u KemOpua. B cpequeli %e uacTH paspesa Bi 
jensetca 100-merpopad mecTpookpalleHHad TOJIMla MeCdaHO-MepreJIMCTHIX TI 
pol, coflepxkaulux ocTaTKH pbiO uM usNONOL. 

B Ytokckol rpaOeH-CHHKJIMHaJIM MOULHOCTbh pa3pe3a BepXHeJeBOHCKHX O 
pa30BaHHlt Bospacraer Jo 1000 M, a c102KeHbI OHH, BOCHOBHOM, TrpyOo06/10MOUHb 
MaTepHaJIOM, BOSHHUKUIMM 3a C¥eT pa3MbIBa COCeAHHX NOAHATHH, B TOM 4MCIe 
cepepHoro Kpblia BosxHroJIbCKOM TOPCT-aHTHKJIMHaJH. 

Tloapmenve Ha nuomanu BbosuroubcKol ropcT-aHTHK MHA B COCTaBe Bep 
Hero Jl€BOHA TOHKOOOJIOMOUHBIX H KapOOHATHbIX CePOUBeTHbIX MOpOR HW UX BI 
KJIMHMBaHHe 10 HalpaBJeHuio K OceBoH YacTH SamayHO-TaHHYOJIbCKOrO CH 
KIMHaJIbHOrO MporM6a OOBACHAeTCA BPCMCHHBIM NOrpyKenvem Topcta Mod yp 
BeHb Oaccelina M yasleHveM efo OT HCTOUHUMKOB cHOca. B 9TO Bpema”A Sanayu 
TaHHyoulbcKHH mporu6 WHTeHCHBHO 3aNOJIHAJICA TecuaHO-rpaBHHHbIM MaT 
pHaJIOM, MOCTYMaBIIHMM TOJIbKO C ero JOroO-BOCTOUHOTO OOpaMJIeHHA. 

OnucaHHblt xapakTep H3Me€HeHHA MOLLHOCTeH U CallHH CBMJeTeJIbCTBYeT 
TOM, 4TO B JleBoHe BOAHTOJIBCKHM TOPCT UMCMBITHIBAJ HEMpepbIBHOe, HO HepaBH 
MepHOe MOAHATHE, CBAZAHHOE C eFO NePeMELICHHEM BOJIb JVJIMTEIbHO KUBYUL 
pa3JIOMOB. OJHOBPeMeHHO OH ABJIAJICA MECTHbIM HCTOUHHKOM CHOCa HW NOCTAaBJS 
rpyOoo60MOuHBI MaTepHasl Kak B YioKckuli rpaOeH, Tak HM B SanafHo-TaHH 
OJIbCKHH mporno. | 

BoaHrouibcKHH TopcT OTMMYAeTCH ACHMMETPHUHBIM Pa3BHTHeM, 4TO Halll 
OTpaxKeHHe B ero COBpeMeHHOH Mopdosioruu. Ero cepepHpiii CopT mpHnowHuMa. 
CA HeECpaBHeHHO ObicTpee, YEM 1OXKHBIN, B PESyJIbTaTe YeTO OH HHTCHCHBHO pa 
MBIBaJICA, TOra KaK Ha 1OX%KHOM OOPTY HaKOMMJIMCb MaJIOMOLLHbIe, B OCHOBHC 
KpaCHOLUBeTHble OOpa30BaHHA C OOWJIMEM MeCTHBIX IlepepbIBOB 4 YIVJIOBLIX H 
cormacui. AcHMMeTpHuHOe pa3BHTHe XapaKTepHO Tak2Ke HW IA MHOTHX JIPYT! 
OJIOKOBLIX cTpykTyp TyBbl. HanOowee HHTCHCHBHBIe JBHIKeHHA, COMPOBOXMa 
MbI€ AKTHBHOHM BYJIKAHHYeCKOM JeATEIbHOCTHIO, HMEJIH MECTO B TEYCHHE HH XKHEl 
jepoHa — 9idenA. 3a STOT MpoMexyTOK BpemeHH BosurombeKu roper mp 
NOAHAJICA OTHOCHTebHO Ha SanaynHo-TaHHyoulbcKoro mporv6a no kpaluHe 
Mepe Ha 7000—8000 M. OrpaHHueHHbI JIHTebHO 2KUBYUIMM Ppa3JIOMOM, CeBe 
HbIM OOPT ropcTa Obi BLIPAKeH B pelbede B Bue OOPHIBUCTOFO ycTyMa, y MO; 
HOMKbA KOTOPOrO HaKOMJIANMCb MPOAYKTHI ero paspymenua. Bo Bropow nom 
BHHe J€BOHA HHTCHCHBHOCTb JIBHXKCHHM HECKOJIBKO YMeHbIUMIaCb, a BYJIKaHI 
yeCKad JCATCJIbHOCTb IIpeKpaTHJacb, IPHYeM BpeMeHaMH TOPCT B pesbede 6b 
BbIPaxKen claOo, W Ha ero MWIOW AW CYULeECTBOBAJIM MeJIKOBOMHbIe SaccelHt 
B KOTOPBIX HaKOMJIAJIMCb CPaBHHTeIbHO TOHKHe OCaJKH. 

HecomHeHHo, 4TO B JCEBOHCKOM Nepvore B TysBe rabi6oBble ABH2KeHUA rp: 
JIM ACKIIOUNTeIbHY!0 poulb. B 3HauHTeMbHO CTeMeHH OcaG6JIeHHbIe OHH Mp 
KOK aUCb B BEPXHeM Tlasleo30e H Me3so30e. IIpenctapmenue JI. H. Jleouts 
Ba (') 0 HeOOJbIIOM 3HaYeHHH FepIMHCKUX MIBIOOBBIX JBIOKeHMI, MO Halen 
MHECHHIO, ABJIACTCA OLMHOOUHDIM. Heb3A TakxKe COrmacHTbeaA CO CTpeMJeHHeE 
pala TeOJOTOB CBAZATb YIIOBbIe HECOrMacHA, MpPOCexKUBaeMble BHYTPH cpe, 
HeEBePXHEeNaJeCOSOHCKHX OTJIOMKeHUH, C tbasaMH CKMaqUATOCTH, TaK Kak Jax 
M3 OMMCaHHOrO NpHMepa BUHO, YTO PIbIOOBbIe CTPyKTYPbI XapakTepusyrore 
HeNPePbIBHBIM, JWIMTCJIbHbIM, XOTA M HEPABHOMEPHEIM PasBHuTHeM, a MepepbIE 
M HeECOrlacHA HMEIOT MeCTHOe 3HAYCHHE HM OTPaxXKaloT Te HIM MHbIe OCObeHHOCT 
39TOrO pasBUTHA. 

TeouoruuecKWli MHCTHTYT Tocrynuso 
Akajlemuu Hayk CCCP 8 IV 1957 


HWMTMPOBAHHAS JIMATEPATYPA 
1 Tp. TypuHck. komm. akcmeq., B. 4 (1956), 
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Jloxrnaaygn Akagemuu nayr CCCP 
1958. Tom 118, Ne 2 


(FEOJOTHA 


A. ®. KOP)KHHCKMH 


O BJIAAHHHW COCTABA BOKOBbIX NOPOJ, HA MPHYPOUEHHOCTb 
OPYHAEHEHHSA HA JK AMHCKOM MECTOPO)KJEHHM 


(ITpedcmaeaeno axademuxom J. C. Kopscurncxum 380 III 1957) 


JKMMHCKOe PeKOMETAJIbHOe MECTOPOX*KeHHe, Kak H3BeCcTHO (7,4), MpocrpaH- 
BEHHO HM PeHeTHYeCKH CBAZAHO C HeOOJIbUIMM Me3030HCKHM HHTpy3HBOM rpaHHt- 
OpupoB, BHeEAPHBIWHXCH MO KOHTAKTY KaJleHOHCKOFO KBaplWleBOrO AHOPHTOBOTO 
aaccMBa Cc 9*pby3HBHO-OcasOuHOH TOJMeH KeMOpulicKoro Bospacta (2), 
XapaktepHaa ocoOexHocth JKHAMHCKOrTO MecTOpOxKJeHHA — 9TO peskaa 
{pOCTPaHCTBeHHaA OOOCOGJICEHHOCTh MOJIMOEHOBOTO OPyeHeHHA OT BOUIbpa- 
oporo (puc. |, /), B pe3ymbTaTe KOTOPOro ycCTaHOBHJIOCb NOHATHe O HaJM4uHH 
a BeCbMa HeOOJbILOit mlowankh YBYX CaMOCTOATEJIbHbIX MeCTOPOXKeHuH: 
lepBoMalicKoro MoJiHOQeHOBOrTO HM XOJITaCOHCKOrO BOVIbcppaMoBoro. 

Mou“6zeHoBoe OpyeHeHue CTporo OrpaHHueHO CaMMM HHTPy3HBOM TrpaHuT- 
opdupos, re OHO NpOABIAeTCA B KBaPlWeBbIX KHaX UH, TaBHbIM OOpa3oM, 
, TycToH ceTH Me@JIKMX KBaPIeBbIX XAMJIOK, OOpa3yiOWlNX B 3amaqHOl JHROKOH- 
aKTOBOH 30HE ITOKBepKoOBNe TesIO WupHHoIO 100—150 m. IlocmeqHee pe3Ko 
KOHTYPHBaeTCA KOHTAKTOM TpaHUT-nopdupoB c KBapl-3THJOT-OHOTHTOBbIMU 
JlaHWaM, OKa3aBlUIMMHCA HeOarONpHATHBIMA JIA pasBHTHA TPelllMHOBAaTOCTH. 

B MpoTHBONOJIOXHOCTb MOJIMOJCHOBOMY BOJIbcppaMoBoe OPYeHeHHe CBA3AHO 
KBaplleBbIMH %KHJIaMM, 3aJleraloulMMH KaK B CaMOM TpaHHT-NOpdupoBoM HH- 
py3uBe, TaK H BO BMelllaroulHx ero CaHWaX H KBapleBbIxX WuopuHTax. B caaH- 
[aX H3BeCTHO HeGOJIbINOe KOJIMYECTBO CPaBHHTeJIbHO M@JIKHX KHJI, HE HMEIOLLUX 
IPOMBILWICHHOTO 3HayeHHA. HaoOopoT, B KBaplleBbIX JHOpuTaX K 3anafly OT 
MOJIMOCHOBOTO WITOKBepKa WIMpOKO pa3BHTbl MeIKHe HM KpyMHble rroOHepHT- 
KBaPLUeBbIe YKUJIbI, COCTABJAIOUMe PyWHOe Nose XOJTACOHCKOFO MeCTOPOKeHHA. 
Mexiy KpyNHbIMu 2%KuamMu XosiTacoHcKoro MecTopoxenua Wu Tleppomalickum 
MOJIHOCHOBbIM IITOKBePpKOM PpaCMOJIOKeHO HeCKOJIbKO NOJIOC WTOKBepKOBOTO 
30Ib(pamMoBoro OPYeHeHHA, NOJYYMBIUHX HasBaHHe MuKypcKoro Boubipamo- 
30ro wiroKBepka. Moumu6feHuT B TOOHEPHT-KBapleBbIX XHIAax XosTacona U 
Mukypckoro lITOKBepka pakTwuecku oTcyTcTByeT. On Take He BCTpeyaerca 
B KBaplleBbIX 2KHJIaX, 3a/lerarollux cpequ Claes. 

TakylO pe3KY1O0 NPOCTPaHCTBeHHY10 pa300LeHHOCTb MOJIMOeHOBOH MHHepa- 
muzaluu oT Boubppamoponw H. K. Hedeqos o6bacHaxeT pasHOBpeMeHHOCTHIO 
MUHepasH3allu, CBA3bIBAX UX C JBYMA CaMOCTOATCIbHBIMA MarMaTH4eCcKMMU 
oyaramu. V1. II. Kyurmapes (*) Ha OCHOBaHHH OOLIHOCTH MHHepaJIbHOrO cocTaBa 
BOJIb(pPAMOBbIX H MOJIMOMEHOBLIX 2KHJI MPHXOJMT K 38aksIOUeHMIO, YTO 06a MeECTO- 
DOXKNeHUA MpHHaliexkaT K OOWIeMyY MarMaTHYeCKOMY OUAary HM axe eHHOMY 
mpolleccy MHHepasoo6pasopanusa. IIpocrpaHcTBeHHy!o pa30ONleHHOCTb MOJIMO- 
[CHOBOTO OPyeHeHAA OT BOJIb(ppaMOBOTO OH OObACHACT MYJIbCALMOHHBIM pas- 
BUTHEM TPeIMHHOH TeKTOHHKH, B pe3yJIbTaTe uero CHa¥asla OPOPMHJIOCb MO- 
MUO JCHOBOe WITOKBEPKOBOe MECTOPOXKMeHHe BHYTPH CaMoro rpaHUT-lOppupoBoro 
WITOKa, a 3aTCM BO3HUKJIO XKHIbHOe BObPpaMoBoe MeCTOPOXMeHHe 3a eLo 
TpeqewaMy. 

B nociequve ga roa HaMM H3yuasIHCb OKOJIOMKUIbHO H3MeCHEHHbIe NOPOTbI 
> IebIO YTOUHeHUA TeHesHca STOTO HHTepecHeiiero MecTopoxenuA. B pesyJib- 
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Tare IpOBeJeHHbIX HCCeJOBaHHH BbIABJIeEHO, UTO XMMH3M BMelllaIoOulMx Nope 
BUJIMAJI He TOJIbKO Ha MHHePpaJIbHbIM COCTAB OKOJIOKMJbHBIX 30H, HO H Ha MHHEPi 
JIM3aWHio CAMHX PYAHBIX XK. 
XapaktTepHoli MeracoMaTHy¥eCKOH OKOJIOX%KHIbHOH Mopoyon Aa Kulu 
CKOTO MeCTOPOXeCHHA ABIAeTCA CIIOOpHTcOJepxKallMH rpe3seH MpeuMyulec’ 
BeHHO ‘MYCKOBHT-MMKPOKJIMHOBOTO COCTaBa B rpaHHT-Mopdupax WH MYCKOBHTC 
BOrO B KBapleBbIX JHOPHTaX H KPUCTaJIM4YeCKHX caHwax. Bo BcexX OKOJIOKMI 
HbIX rpeli3eHax HMeIOTCA BKpaneHHa MMputa. IIpu sTOM OTMeYaeTCA, YTO KC 
JIMUeCTBO IIMpuTa, a TakxKe u (bOOpHTa B rpeli3zeHe ONpeyesaeTcA BeJIMYMHO 
colep*KaHHaA %Kee3a HM KaJbIMA B HCXOJHBIX MOpoyax. Tak, B anOJHOpHTOBO 
WM allocmaniepoM rpelizenax coflepxkanwe MMpuTa, COOTBeTCTBeHHO, B 5 u | 

pa3 Oovlblle, 4YeM B anorpaHuT-nopdPupoBoM rpel3eue. 
Ta6Oanua 1 


Ipanur-nopdup Keaplesbili QHOpuT bane Kpapu-snmgior 
KomnoHeHTbI OMOTHTOBHIL 
4 2 { 2 3 podup culaHel, 
Fe 0,66 1,28 6,72 4,24 5,30 9,40 41,52 . 
MnO 0,04 0,014. |. 0,10 0,14 0,15 0,15 0,29 
MgO 0,23 cul. 4,06 2,51 2,98 6,20 6,33 
CaO 1,04 4,56 5 95 2,93 460 8,49 2,47 
K,O'-+ Nao | 8,19 9,06 6,03 6,44 5,04 | 5,07 5,68 


I] pHMedwaHie. Conep2kanua WaHbl B BeCOBbIX MNPpOMWeHTax. 


Bausauue cocTaBa OOKOBbIX NOPO] CHJIbHO CKa3aJIOCb TakxKe H Ha PY]HO: 
MHHepau3alluu CaMHX Ku. B KBaplleBbIxX JHOpHTax — nopoyax, coepxKallH: 
3HAYMTeIbHOe KOJIMUeCTBO Kele3a, KaJIbUMA H MarHHA (cM. TaOul. 1), 2H 
o6orallleHb! :IOOPHTOM, MoOHepHTOM H cyJIbtbuyaMH — NHPHTOM, XaJIbKONMMpH 
TOM, TasleHHTOM, CQavlepHTOM, GOJleKJIbIMH PpyaMH HU Jp. 

KumkooOpa3sHoe pacnosloxwenne cyb*uyOB H WeMeHTallua MMH ApooexH 
HbIX YUaCTKOB KBaplia c rioGHepuTom (°) CBUeTeIbCTBYIOT O MYJIbCalWOHHO! 
(POPMHPOBaHHH XI H O HaJIOKeHHH CyJbPUAHOH MHHepaH3aluH Ha Mmpesz 
mecTByoulyio eH rioOHepuTosyio. [loceqHee noyTBepxaeTcA TakxKe HaxoxX 
JI@HHeEM B IlycTOTKaX COBMeCTHO C CyJIb(bHaMM IIeeIMTa, KOTOPbIM YaCTO 32 
MelllaeTca rioOHepHtT. 

Moau6yeHutT B TOOHEPHT-KBaplleBbIX 2%MIaxX XOMTACOHCKOTO MeCTOPOXIE 
HMA BCTPedaeTCA HACTOJIbKO peAKO, UTO JO NoceqHeroO BPeMeHH eo He OTMeUaIIE 
Bnepsple OH Obl KOHCTaTHpoBaH M. M. Tlospunatiruc. B 1955 r. A. ®. Kog 
*KuHCKHH, H. A. Bomanrox uw E. J. Unpumu neoquokpatuo Berpeyamu momue 
NeHUT B 3albOaHax rioOHePHT-KBapUeBLIX XKH XoOMTACOHCKOTO MeCcTOpOXKIE 
Hua WM MuKypcKkoro mroKBepka. IIpuH 3TOM BaxkHO MOJYepKHYTb, YTO B Tpe 
CWydaaxX W3 yeTbIpex HaOOMaeMbIX MOJIHOAeCHUT Obl] MpHypouen K 3anbOanza 
BOJIb)paMOHOCHBIX KBapIleBbIX 2XHJI HMCHHO Ha yuacTKaxX NepeceyeHua UM 
jaek [paHUT-NOpduposB; HW TOJIbKO B OAHOM Cy4ae MOJHOMEHUTOBAaA BKpalwiet 
HOCTb Oblla OTMeYeHa B 3abOaHye BOLdpaMOHOCHON Mo/eBOLINAT-KBaplleBO 
KWIKH, CeKyUleH KBapleBble WHOpHTE!. bowbiiaa ywacToTa BCTpeyaemMocTH MC 
JMOReHUTA B BOJIb(PaMOHOCHIX XKMWIKAX, CeKYIMX alikM rpanuT-nopdupo} 
OUeBHAHO, OOYCOBEHA BJIMAHHeM COCTaBa 3THX MaeK, OTMHUAIOUIMXCA OT BM 
WarollHX KBapleBbIX TMOPHTOB HH3KHM COJepxXaHveM 2%XKeslesa UH Goslee BbICOKH 
cofepxaHHeM ilelouel. 

B culaHieBblx Mopoyax* KpOBJIM KBaplleBble X%KWIbI, Kak ye OTMeuaJOC! 
BCTpeyaloTCA PeAKO, 4TO OODACHACTCA, OUCBHIHO, CBOHMCTBAMH CaHWeB Mp 
MATCTBOBAaTb OOPaSOBaHHIO CKBO3HBIX BbIJep2XKAHHHIX MO MpocTupanuio u Mal 
HHIO CHCTeM TPellHH. 

Kpynupie »xuuibt (NeNo 1, 2, 24 uw mp.) B clanlax pacnoyoxKeHbl K ceBep 
BOCTOKY OT rpaHHT-Nopduposoro HHTpy3HBa. HecmoTpa Ha G6uIM30CTb K MOJIMI 
AeHCOMepKaMHM %KUIaM HHTPy3HBa, ITH 2XUVJIbI JIMMIeHI MOMHOReHAa u coset 
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T TOOHEPHT, ccbasepHT, TaleHAT, OneKNbIe PyMbl H OCOGeHHO B GOVIbILIOM 
IMYeCTBE MMPUT MH posOxpo3uT. OOorallleHHOCTb HX MMPHTOM H POOXposuTOM 
10 CBA3a4Ha, KaK BUJHO 3 TaOJIMIUbI, C BLICOKHM COflepxKaHnem x*Kese3a (11,5%) 
3AKUCH Mapraniia (0,29%) B KBapU-3THOT-OHOTHTOBOM CylaHue. TlosBaenne 
SHEPUTA 3lecb OOYCOBMeHO, NO-BHAMMOMY, TO2XKe 3HAYHTEJIbHbIM COfeprKa- 
-M MapraHlla B_ CJlaHlle. 

OrcyTCTBHe MOJIHOJeHHTa B XKUNAaX, OUEBHAHO, OODACHAETCH HMeCHHO OTJIO- 
HHeM OOJIbINOrO KOJIMUeCTBAa CYJbHIOB, B pesyJbTaTe YerO KOHLWeHTpallua 


| 


not Ae bls FX le Es (216 Ll? «28 


| 


250° 0 250 500 
ee ee ee et 


Puc. 1. Cxema reooruueckoro cTpoeHHA MecTopoxyeHuA: | — 

B numaHe, // — xB pa3pese. 1 — quaOa30Bnble Nopdupute, 2 — 

CepleHTHHHTE, 3 — KBapliepble JHOpHTb, 4—rpaHuT-nopdupy, 

5 — OporopuKoBaHHble CaHibl, 6 — TIOOHEPUT-KBapllewble u 

7 — MoJMOJeHUT-KBapleBble XI, 8 ~— KOHTYPbI MowHOTeHH- 
Toporo wToKsepka. Ilo KywiHapepy 


OC bILLeHHBIMH. 
Bauanue cojlepKaHua %Kesle3a BO BMelaloulHxX Nopofax Ha MpocTpaHcrTBen- 
€ pa3s06uleHHe MOJIHOJeHHTOBOH WH XaJIbKOMMPHTOBOH MMHepasusalluH eile 
1948 r. 6pim0 oTMeyeHO JI. C. Kopxknuckum (°) qua TypbHHCKuX pyJHHKOB. 
y pa3s0OUleHHOCTbh MMHEepaJIM3alluH OH OODACHHeT NOHMKeHHEM KOHIeHTpPallHH 
bl B M€CTaX HMHTCHCHBHOTO 3aMelICHHA CaJIMTOBbIX CKAPHOB XaJIbKONMpHTOM, 
eZ YIbTATe UeTO MOJIHOACHUT OTKMATbIBAJICA JIMWIb B OC AHBIX Kee30M Noposax, 
2 KOHICHTpallua CepbI Obla JOCTATOUHO BbICOKOH, YTOObI BbISBaTb Mepecblilje- 
€ pacTBOpa MOJIHOJeHOM. 
B mpeyeiax rpaHutTo-nopdupoBworo HHTpYy3HBa HanOouIee paciipocrpaHeHHbIM 
THbIM MHHepasIOM KBapLeBbIX XKHJI ABJIACTCA MOJIMOJCHHT, KOTOPBIH OObIUHO 
pasyer MejKouellyiuaTble MpHMa3KH H «CyXHe» XKHIKH, MpepbIBUCTO TAHY- 
1€CA MIPCHMYULECTBEHHO BJOJIb 3aIbOaHJOB KBaPI[eBbIX 2H. 

B xkpapiesblx  Kuax, OOpasyloulHX LUITOKBePKOBYy}!O CeTb, BCTpeyaroTcs 
UpuT, Oepu, chadepuT,raJleHHT, AMKUHNHT, JIMHACTpeMHT MW Apyrve MHHepaJiEl, 
O KOJIMYECTBO CYJbCPUAOB 3/leCb 3HAUHTEJIbHO MEHbIIe, YM B *KUMAX, 3aslerato- 
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‘ B paCTBOpax HaCTOJIbBKO NOHH3HJIaCb, 4TO MIA MOJIHOJeHa OHH OKa3aJIHCb 


UX Cpe KBapleBbIX AHOpHTOB u cMaHues. B 2xuax BOBObHO YaCTO BCT, 
yaeTCd YepHO-OypbIli H YepHbIli BOAbppaMuT, OOpasoBanue KOTOpOrO obycu 
JICHO, OUCBHHO, HU3KMM Coyep2xkanuem (0,01—0,04%) sakucu Mapranila B Ty 
HUT-Mopdupax. 

Tak KaK MOJIMOJCHHTOBbIMH XKHIKaMM MepeceKaloTcCA KpHCTaJJIbI NAP’ 
Boubpamuta, cPasepvta HM pyrHxX PyAHbIX M HepYAHbIX MHHEpaJIOB, HET OC} 
BaHHi CUHTaTb, YTO MOJIMOJeCHUT BbIemMICA B Ooulee paHHHe aTanbl «MoH, 
HOBO» MHHepamusaluu, a Tem Coulee ONYCKaTb HeEOOXOMMOCTh HaJlHUHA 
rayOuHe JByX CAMOCTOATeJIbHbIX MarMaTHYeCKHX OUAroB. 

Cromb cTporad NpHypOveHHOCTh MOJIMOJeHHTOBOTO OpyeHeHHA kK Tpell 
HOBaTOCTH TpaHuT-MopupoBoro HHTPY3HBa, OYeEBHAHO, Oblia OMpenemena 
MYIbCAWMOHHBIM Ppa3BHTHEM TPeWIMHHOM TeEKTOHUKH, a BJIMAHHEMCOCTABA BI 
Warollux Mopod. 

[IpuypouennocTh MOWHOJeHOBOH MMHepasMsallMH K rpaHuT-Mopdupam § 
JIACTCA HaPAQHbIM MPHMepOM CHJIbHOFO BJIMAHMA cpebl Ha cocTaB pyJ. Ty 
HHT-NOpUpbI B CHJIY HU3KOFO cOxepxKanHuA xeNe3a (0,66—1,28%) u, BO3MO 
HO, 3HAYHTebHOrO COepKaHuA WlelOvel OKa3aIHCb HaHOovlee OaronpuATH 
cpesoH AA OTMOXMKeHHA MOJHMOJeHHTAa, B KOTOPOH KOHIeHTpallua ceppl Obl 
BLICOKOH HM JOCTaTOUHOM JIA OCaxKeHHA MOIHOZeHa H3 PaCTBOPOB. 

Tlockosky MpvypoueHHOCTh MOJHOZeHOBOH MMHepasM3alwnHH Ha JDK 
ompeleasacb B OCHOBHOM COCTaBOM BMelalollHX NOpO HW B MeHbIlel cTeme 
TPellMHHOH TeKTOHHKOH, TO B STOH CBA3H cJlekyeT CelaTb HeKOTOpy!o Nef 
OWeHKY HWepcmekTHB MOJIHOQCHOBOTO MeCTOPOXKAeHUA, ONpeeseHHe KOTOPO 
NO CHX NOP MpOW3BOAMOCb TOMbKO C NO3SHUMH MyJIbCauMOHHOTO pa3BUTHA TI 
WMHHOH TeEKTOHHKH. 

DKusIbHOe UW WITOKBepKOBOe BOMbc:paMoBble MecTOpoxKeHHA, cormacuo VU. | 
Kyutmapesy u H. K. Hecbenony, aABaatOTCH Hale2KHBIMH,yXORAUIMMH Ha Ood 
mue riyOuubl. HaoGopoT, WiTOKBepKOBOe MeCcTOpOxKJeHve MOMHOLeHAa, NO 9TI 
aBTopaM, Ha riyOuHe OKOIO 100 M BbIKJHHUBaeTCA B CHJIY 3aTYXaHHA Tpely 
HOBaTOCTH c riyOuHOH. OgHako OTMe4eHHasA BBbILIe OCOOaA UYYBCTBHTEIbHOC 
MOJIHOHEHOBOH MHUHepasIH3allHH K COCTaBY BMelLaroOulHX MOpOd NO3BOIMT Hi 
B OJlarOMpHATHOM aCcIieKTe MpescTaBHTb TakxKe H NepcnekTuBpl I lepBomalicko 
MOJIHOXEHOBOTO MeCTOpPOKJeHHA. 

Kak Buguo u3 pue. 1,//, 3anaqHblli KOHTAKT PpaHHTHOTO HHTPY3HBa, K K 
TOPpOMY IIpHypoueH MOJIMOJeHOBbIN WITOKBepK, MafaeT Ha 3anay nox yruiom 45 
50°, yxoa Mo KBapleBble AMOpuTHI, MB YacTHOcTH NOX MuKypcKuii Bomber 
MOBI LWTOKBepK. YUTHIBad 9TO OOCTOATebCTBO, a TaK>Ke BeJyILyIO Po. 
cpeqbl Ha JOKaJIM3allHIO MOJIMOQeHOBOH MUHepaH3allHH, MOXHO Cc OOJIbIII 
BePOATHOCTbIO HafleATbCAH, YTO OOHAXKCHHEIM HEIHE OTKPHITbIMH paOOTaMH y 
JMOJCHOBBIH WITOKBEPK MpOTAHETCA BHH3 BJOJIb JHJOKOHTAKTOBOM 3OHBI NO Kpé 
He Mepe 0 nNepeceyenua MHkypCKMM WTOKBepKOM KOHTaKTa rpaHuT-nopdup 
C KBapleBbIMA AHOpHTaMu, HuxKe KOTOporo MuKypckul BombipamMOBHI WTC 
BepK MNepeteT B MOJIHOJCHOBBIH. 

VMuctutyT reomoruu Tloctynusto 


Boctouxo-Cu6upckoro dbumuana 25 III 1957 
Axajlemuu HayK CCCP 


UMTHPOBAHHASA JIMTEPATYPA 


JI. M. Abauacbes, J[AH, 53, Ne 7 (1946). 2M. B. Beccouo Ba, Mecto 
KNeCHHA PeKUX H MaJIbIX MeTam0B CCCP, Msn. AH CCCP, 1939. °C. Ko PKXUHCKH 
Wp. ees i nayk AH CCCP, ps. a cep. py. Mectopoxy., Ne 10 (1948). *U. 1. Ky 
Hapes, leosorua uw ropHoe yeno, 1947. * JI. M. Jle6 Dp : 
ee CN ees, Tp. Munepan Mysea ; 
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Jlornanes Akagemuu nwayr CCCP 
1958. Tom 118, Ni 2 


PEOJIOVH fi 


B. Tl. KOCTIOK uw T. Fr. CACHH 


OBbIE JAHHbBIE O BOSPACTE TPAHATOBbIX JIMMAPHTO-JAUHMTOB 
COBETCKOFO 3AKAPIIATbA 


| (ITpedcmaeaexo axademuxom JI. C. Kopscuxckum 11 IV 1957) 


B cesepo-sanagquol uacrH Buropiat-lyruncxol ByaKaHwuecko rpsxqbl 
MacCHB Tlonpwunpli) cpequ JlaBOBO-MMpokslacTHuecKHxX NOpod aHnfesHToBoro 
cTaBa, MMeIOWMX MaHHOHCKHH BOS3pacT, paBHO Kak H Cpe pacnoJIOx*KeHHbIX 
qIM3H MOpoq MeJI-MaleoreHoporo dyiMiwa, BcTpeyaeTcH pa OTHOCH- 
IbHO MCJIKHX MHTPY3HBHBIX Te JIMMapHTO-awHTOB C BKpallwieHHHkKaMu 
JaHaTOB. 

Ilo cio2xXHBUIMMCA MpescTaBJleHHAM, NOCJeqHHe NO aHaJIOMH C APYrHMU KUC- 
DIMM NMOpOaMU, BbIABJIAIOULMMUCA Yale B KYNOJIOBMAHBIX WJIM MHTPpY3HBHBIX 
OpMaxX BJlOJIb BHYTPeHHeroO KpaA BYJIKAHHYeCKOH pAb, MPHHHMaJIMCb 3a 
AMBIC MOJIOfbIe OOpas0BaHHA HU B CTaTHrpaduyeckux cxemMax (1) NOMellaHCcb 
ode BbIle BCex addpy3uBos. Ilerporpacduyeckoe onMcaHHe NOposp, a riaB- 
IM 06pa30M rpauata, ObiliI0 mpousBeyeHo B. C. CoGomesnm u Ap. (!). Ppanarer 

NOJOOHbIX Ke BMEMLaOWIHX NMOpO (pHOJIMTOB) BOCTOUHOH CmoBakuu B pahoue 
ecHoro Obi onMcaHb! B. 3opKoscKkum (1%,1°)*.B ynoMAHYTEIX pa6oTax MouTH 

3aTparMBaeTCA BOMpoc O TeOJIOrHYeCKOM MNOJIORKeHHH TAaKHX OOpa30BaHHit 

OOuleM KOMIVIeKce BYJIKAHOreHHBIX NOpod. OnHako B. C. Co6ovtes (1) cunraer, 
© KPHCTaJJIbl 3TH HECOMHEHHO HaXOJHJIMCb B PaBHOBeCHH C PaciWlaBOM, B KO- 
pom pocuM, T. €. YTO HX MOXKHO CUMTATb NePpBHYHbIM MarMaTHYeCKHM MHHepa- 
M: YUHTbIBAad, TO OOpa30BaHHe YpaHaTa TpeOyeT BbICOKHX aBJIeHHH, 
. C. Co6oeB yKa3bIBaeT, YTO ITO CBHJCTEILCTBYeT O 3HAYHTeIbHOH ruiyOuHe 
HTpaTelypwueckoH KpucTaiinsauun. Maye ropopaA, cBoeoOpasve 3THX MO- 
I, OTPaxKarolluxX BMOJHE ONpeevIeHHbIH NeTPpOXHMHYeCKHH 9Tall B 2KH3HH 
arMaTHUeCKOro OUara, a HE TOJIbKO aBTOMeTaMOpdHYecKHH Mporecc ((1°) Hw Ap.), 
Ormo Obl CAYXHTb B JaJIbHeLIeM OJHHM H3 BayKHbIX MOMEHTOB JIA YBA3KH 
paTurpaduyeckuX CXeM B HalllMxX palioHax MH BOCTOUHOM CroBakHH, re TakHe 
OPpObI OTHOCHTeJIbHO IUHpOKO pa3BHTHI. 
JleranusalveH UcculeloBaHHi, MpOH3BeeHHbIX HaMH B CaMoe NocJeqHee 
peMa, ylalocb B AByX MyHKTax — BOuu3H c. Ilepeunna (c. Bopoueso mo npa- 
o6epexkbio p. YxKa) uM npHMepHo B 10 kM K CeBepo-sanayly (y c. Hopocesuttbt)— 
OHaPpy2KHTb KOPeHHble BbIXOJbI TY(OB JIMMapHTO-WalMTOBOTO COCTaBa C BKJIIO- 
€HHAMM KPHcTa0B rpanata. HepeykKo Ha MOBepXHOCTH OOBINHOTO 10 pa3Me- 
aM OOpasila MOxKHO HacuHTaTb 6—8 TaKHX KpHCTanJOB, BelMuNHOK 1—2,pexe 
} 4 MM. 

[panaroppie Typ y c. Bopoueso HecormacHo HasleraloT HelOcpeACTBeHHO 
a eCuaHO-IIMHHCTHIe NOPOAb MeJI-MameoreHoBOrO (yIHWa WH NepeKpbIBaloTcA 
OMe AHJeC3HTOBLIX arsloMepaTOB TY(POB BYJIKaHHYeCKOH PpALbI NaHHOH-MIHO- 


* Mpl He Ha3blpaeM 3eCb TeX ero pa6or, KOTOpble MOCBAULEHbI HCCeCOBAHHAM TpaHaTOB 
3 aHJeC3HTOB. 
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lleHoBoro Bo3pacra. MoutHocTb rpaHaToBbIx Typos He MeHee 30 M. JloOonbiTH 
uTO B HHUX HapAy C MeJIKHMH OOJIOMKaMH JIMMapHTOB, TakxKe COMepKalllk 
BKPalWICHHUKU Ppanata, BCTpeyeH OObIYHbIM NOTOK POHaJIbHBIX TpaHaTOBE 
JIMnapATOB, MoUHOcTHIO 0,8 M, C NIHTYaTOM OTeIbHOCTHIO. Tlo6u30cTH, B1t 
K ceBepy, y2Ke cpefu (nla HMeeTCA MHTPY3HA rpaHaTOBbIX JIMMaPHTO-LawuTo 
¢ KOTOPHIMH Halli TY@bI JOJ2KHbI HMETb HEMOCPeACTBEHHYIO FEHETHYECKY10 CBAB 
B avaslorvuHbiX YCJIOBHAX pacnoso%KeH BTOPOH BbIXOA TpaHaTOBbIx Ty 
BOH3H c. Hosoce/Hupl. | 

Ha CnospalKkoli TeppuTOpuu rpaHaToBble Ty@bI, 3a/lerarollNe OYKBaJIbHO BT 
KUX 2Ke TeoJOHyeCcKHX YCIOBHAX Ha CeBepHoM cKsOHe I]onpuyuHoro y c. Ber 
THHa, T. @. He Goslee, vem BS KM OTTY@oOB c. HopocesmuubI, onuCcaHbI B. ano 
A. Cenemiem (%). 

TakuM 06pa30M, TOUHOe WaTHPOBaHHe BO3pacTa STHX MOpOA HH Y Hac, | 
y c.BensATHHa Mpon3BeeHo ObITh He MO2XKET, TaK KaK NOMbITKH Kk OOHAPY2KeHk 
MaKpO- HI MUKpodayHbl B PIMHHCTO-TYPOFeHHEIX MpOcOHKax CpeAM STHX T, 
(boB He yBeHYaIHCb ycmexoM (B NOCJeqHUX HaOJIOJaeTCA JIMWIb CKOMVICH 
pacTHTeJIbHbIX OcTaTKOB). He oTmMeuaetcn cbayHa Tak2Ke WH YeXOCOBAIKUMH 4 
CuleOBaTeJIAMH. : 

B. Tauo u gp. (“) oTMeuatoT, 4TO TY@bI MOTYT ABJIATbCA HHUKHEMHOLECHOBBHI 
(6ypauras-rebBeTCKHMH NO MpHHATOH y HUX KJacCHHKalMH), OMHAaKO EF 
POATHO MH TO, YTO OHH 9KBUBAJICHTHbI HH2KHECApMATCKHM PHOJIMTaM. Kpome OTM 
YeCHHbIX, TpaHaTOBble PHOJIHTbI, PHOWAWHTbI H Ux TY@bI H3BECTHbI B BOCTOUH( 
CnopakHN Ha oro-3alafHbIx CKsOHax Buropsiata WB ceBepHor uacTH IIpemo 
cKoro HaropbaA (18-20°8 4), 

HecmoTpa Ha TO, 4YTO HHTepecyroulue Hac FpaHaTOBble NOPObI 3ayacTy 
Z3aleraioT 3feCb CpefM OCaOUHBIX OOpa3s0BaHHi MHOLWeHa, HEIb3A CKa3aTb, 4 
Y yNMOMAHYTHIX HCCleqOBaTeeH CYyMlecTByeT e€HHO€ MHe€HHeE O HX BO3Spact 
BoJIblLuHHCTBO aBTOPOB NOMELLaloT PHOJIMTbI HH2KHETO TOPH3OHTA B HHXKHHH TO 
TOH, a BEPXHIOIO PpaHHUy TaK Ha3bIBaeMOH BTOPOH PHOJHTOBOH das ( 
CKJIOHHbI NOHHMATb JO HHKHEFO CapMaTa BKJIIOUNTeIbHO. TOPTOHCKHH BOspa 
NepBbix onpexemsetca HM. UBarposcKum (15) no HaliqeHHOH B PHOJIMTOBBIX T 
tax cbayuHe poja Ostrea u no KoMMiekcy MukpodpayuHbl. Js BepxHero TOPH30H 
KHCJIbIX 9PPy3HBOB CapMaTCKHH BO3PaCT YCTaHaBJIMBaeTCA Tak2xKe NO HaleHH 
HeNOCpeMCTBeHHO B Tydax cpayue (°,°,19,11,18-17) Ouu, Kak 3TO BBIACHHO 
B nocweqHHe FoOfbl, pacipocrpaHeHbl B BOCTOUHOH CioBakHH OTHOCHTeJIb 
mupoko. M3 aHaiu3a MHOTOUNCJICHHOH JIMTepaTYpbl HAM YaJIOCb 3aMeTHTb, 4 
TpaHaTOBble PHOJHTbI (HJM PHOAaUTb!) H UX TYPE NpHypOueHwb! TObKO K Bep 
HeMy TOPHSOHTY, T. e€. HH%KHeCapMaTcKomy. IIpapya, ®. Yex (*) oTMeuaer, 4 
B pahone c. JlecHoro, kK ceBepo-3anany oT r. Muxasopties, cpequ ocalouHi 
NOpoA, KOTOpble OH NO aHaslorHH Cc patOHOM HuxKuHero [pywopa OTHOCHT K TC 
TOHY, HMeeTCA [Ba NOTOKa rpaHaTOBbIX PHOJMTOB. Ho, BO-NepBbIX, 3TH PHOMH 
MOrYT OKa3aTbCA MeKIMIaCTOBLIMA HHTPY3HAMH H Oosee MOIOZ0rO BO3paci 
BO-BTOPbIX, ABTOP CBHJeTeJIbCTByeT, YTO Ha STHMH OOPa30BaHHAMM 3asieral 
MeCTpble TIMHbI C MpeCHOBOAHOH dbayHOH MH MHOXKECTBOM PaCTHTEIbHbIX OCT: 
KOB, KOTOPbI€ y2Ke OTHECEHbI HM K TYHTOBOMY CapMaTy (MO-BHAMMOMY, Mé 
HOHY B HallleM MOHHMAaHHH) H PHOJIMThI, TAKUM OOPa30M, MOLYT OKa3aTbCA HH 
HecapMaTCKUMhH. 

Tlopoypr us Mepuuxka u Bpanoza, onpeyeisempre 1. [anatom (*) Kak puo) 
WHTOBBIC H LallMTOBbIe TYPpUThI C PpaHaTOM, JOJIKHbI COOTBETCTBOBATb TeM OOpas 
BaHHAM, koTopbie B. JleuKo (*) nomemaer B BepxuHuli TOPTOH, HO C OFOBOpK¢ 
uTO [IH HUX Jaxke Oowlee BepOATeH HH2KHECAPMaTCKUHi BOSpACr. 

Ha reoviormueckoli KapTe BocTrouHoli CnoBakun, cocrapmenHoti Bp 1955 
B. Jleuko, 1. Cenemem u H. UWsarposckum, pag HeOouIbuIMx MaCCHBOB Hi BBL 
JOB PHOMMTOB, UX Typos u TydpuTOB B palione Muxanopues x K 3amazy OT HI 
y c. Bunuoro, na ceBepHplx cKIOHax MaccuBa IlonpuuHoro (mo-cocefcTBY C | 
peywHuckum), B ITpemoscKom maccuBe Hl Ip., OTHECeHBI K HW2KHECAPMAaTCKOMY Bi 
pacty, T. €. OHH OOBEAMHAIOT BOCAHHO paHaTOBble MOPOIbI OXKHBIX mpegzrop 
Buropjata WM cepepHEtX cKoHOB Tlonpuunoro. Fpanatospie PHOJIMTEI C 3am, 
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bBIX CKJOHOB Buropsata onucanbl Takxe B. YKypexom (°°), KoToppiit 6e3 BCA 
HX OFOBOPpOK OTHOCHT HX K HMXKHECAPMATCKHM OOpa3s0BaHHAM. = 

B kouwiexuuu B. C. Co6ouepa, coOpannoit B 1956 r., umeiorca o6pa3iibl 
MNapUTOB, B TOM 4MCJIe H rpavaTOBbIX, U3 paliona Muxasopties u K, CeBepo- 
analy OT HHX, T. €. M3 TeX Ke MYHKTOB, KOTOPbIe Ha TreosorMyuecKoli KapTe 
>. JlemKo uw fp. durypupyroT Kak HuxKHecapmatcKue. Ilo cBoum MHHepavoro- 
eTporpaduyecKHM OCOOeHHOCTAM OPO! STHX MeCTOPOXReHui MH paliona 
epeuMWHa MONTH COBeplIeHHO NOsOOnbI. CpeqH BKpalJI€HHMKOB BbIJeIs- 
TCH MOJICBbIe INMaTbl, KBapll, YepHbIM OWOTHT M KPpUHCTab Tpanata 
,o—1. mm). Mest .xoaomay 
_ OcHopHaad acca crekJoBaTasd B Mopoyax CiloBakHu HW HeCKOJIbKO syUWMe pac- 
pHCTaJJIH30BaHa B Hallux. XUMMYECKMH aHau3 rpaHaToB u3 AuNnapuTos Tlepe- 
MHCKoro paliona uMmeetca y B. C. Co6ouesa u gp. (4), a .u3 paliona c. Jlecno: 
—y B. 3opKxoscxoro (}*¥.B pesyabrate novlyyenbl crekywulue CooTHOIMeHHA 
OMNOHEHTOB (B- %): : ie 


Pation Pafion 
Tlepeunna JlecHoro a 
AJbMaH HH 70,70 . 18,00 Me ts 
Tlupon : 44:20 6204 ARCER 
KaJIbitHeBble. KCMMOHEHTHI 18,30 14,50 oe ee 


CneccapTuk 3,30 0,80 


foT H pyro rpanaThi COOTBETCTBYIOT aJIbMaHAUHY, HO BOOOUX CyYaAX HaGJO- 
(a€TCA MOBbILIEHHOe COJepmwaHHe KaJIbIMeBbIX KOMMOHEHTOB (aHApayuT-rpoc- 
yaapa), YTO, Kak OTMeuaioT B. C. Co6oues u mp. (1), CBA3aHO, NO-BuuMOMy, 
1eMOCPeACTBCHHO C OCOGeCHHOCTAMH TreHesHca. 

_ Cyaa mo nerporpatuyeckomy onvcanuio B. Tauo u gp. (*), rpaHaTospie 
yop c. BenaATHHa NpakKTH4YeCKH HHYEM He OTJHUAIOTCA OT TAKOBbIX B paloue 
rc. Hopocemuubr wu Kopoueso. 

Takum 06pa30M, B NpHBeJeHHOM aHaJH3e JIA HaC OUCH BaxKHbIMH ABJIAIOTCA 
[Ba MOMeHTa: 1) TO, 4TO TpaHaTOBbIe NOPOb MpeArOpHOU MOJIOCLI MH CeBePHBIX 
-KJIOHOB MaccvBa IlonpHuHbI B BOcTOUHOH CnoBaKHH (a CJIeQOBaTeJIbHO H Me- 
NeUMHCKHe) MO pxAy Merporpado-Munepasoruyeckux HU MeTPOXHMHYECKHX 
cOOeHHOCTeH HeHTHYHAI WH 2) TO, YTO BO3PACTHOM MaNa3s0H OT Nasleorena Jo 
1aHHOHA, B KOTOPHIH NMonafaioT rpaHaTOBbie MOPOMb Ha Hallie TeppuTOPHH, Cy- 
KaeTCA NO MpeesOB TOPTOH — HH2KHHM CapMaT, IIpH4eM YaCTb CJIOBAaLKUX Teo- 
IOTOB MOMEIaloT HX B TOPTOH C TOL OFOBOPKOH, YTO OHH MOTYT ABJIATbCA UH Coulee 
{OJIOJ{bIMH, Jpyrve BHE BCAKOTO JIA CeOA COMHEHHH OTHOCAT HX Ha OCHOBAaHHH 
bayHHCTHYeCKHX HAXOJOK K HHKHEMY CapMarTy. 

He ucksmoueHoO, YTO KHCMHIe MOposbt paliona Tlepeynua MoryT ObiTb OJHO- 
303PaCTHBIMH C HVMKHeECaPMaTCKHMHy JIMMaputamMu, Hbeperopckoro xoJIMo- 
OpbaA. 

OrmetuM, KcraTH, B3raag, MU. ®. Tpycopoli (°), kKoTOpan owmMO6ouHO Napasuse- 
IM30Basla BOOOUIe BCe KHCJIbIe MOPOAbI, BCTPpevaiollveca B Mpesentax Bpiropuar- 
‘YTHHCKOH BYKaHMYeCKOl TpALbI (MpeHMYLIeECTBCHHO B MexKypeube bopwassl 
i Tuccpl) c 6eperoBckuMu sIMNapHtTamu. B JasbHevweM ObIIO yCTaHOBJIeHO, UTO 
TO COBEPIIeEHHO PasHble OOpaso0BaHHA, HM eCJIM NOCMeMHHEe OTHOCATCA NO BOSpacTy 
. HW2KHEMY CapMaTY, TO JIMMapHTbl M TallMTbI BYKaHHYeCKON TpxAMbl TATOTEIOT 
‘ BepXaM MaHHOHA, T. e. Pe-TO OIM3KM K rpaHHlle MexKy TyTHAHCKON Mu Oyxop- 
Kol cButamu (2). B nepuog uccneqopanuit HW. ©. Tpycosoki (1947—1949 rr.) 
(MKaKHX JOKa3aTeJIbCTB CapMATCKOTO BOSpacTa JIMMapPWTO-alMTOBbIX HHTPY- 
uu B [JepeynHcKkom paiione eure He Opiio. Mocrequve noaABAsAIoTCAH, MO Mepe 
(eTaJIH3allHM ZTOTO BOMpoca, B BocTouxok CioBakui, MW HaM KaxKeTCA, YTO NOMbIT- 
ca SW. Cnapuka (!2) mpouspectu onpeyeienne Bospacta Tyos c. BensTuua, 
Mupasch Ha mpesctaprenna HM. ©. Tpycopoli, He copcem yqauna. Emme u cenuac 
[bl MOXKCM TOBOPHTb TOJIbKO O TOPTOH-HH2KHECaPpMATCKOM (a BeposTHEE O Nocey- 
eM) BO3PaCTe ONHCHIBAeMbIX MOPO, XOTA HM 9TO Ha JAHHOM 9Talle M3yueHHA Mper- 


La 


CTaBJIACTCA UPeSBbIYaliHO BaXKHbIM MH MOSBOJIAeT MpeMNoJaraTb Oowlee WIMpOKO| 
pacnpocTpaneHve MpoAyKTOB Jano (ba3bl BYJIKaHH3Ma B [pyrux yacTrax Bpil 
ropsat-lyTHHcKoH rpsxypl. 


Uucruty?T reovlorHu MOe3HbIX HCKONaeMbIX Tlocrynuuo 
Akayemun Hayk YCCP 2) LV A997 
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Jloxxzanqe Akagqemun nayr CCCP 
1958. Tom 118, Ne 2 


TPEOJOCH A 


A. Tl. JIMCHUbIH 


O THHAX MOPCKHX OTJIOKKEHHU, CBASAHHbIX 
C JESATEJIbBHOCTbIO JIBJIOB 


(IIpedcmaéaeno axademuxom JI. B. Haauekunoim 18 IV 1957) 


Ocayounpre TOJIULM , oOpasopaBineca B pe3yJIbTaTe MepeKpeulMBaHHA Mpo- 
WeCCOB HOPMaJIbHOM MOpcKOl CeAMMeHTAaIlMM MW MepeHoca OcayouHoro MaTepuasa 
¢ GeperoB bJaMu, OObINHO Ha3bIBalOT MapHHO-TrvinlMabuEMu (1-8). Tleppona- 
‘yaJIbHO NO], STHM TEPMHHOM NOHHMaJIM BCAKHe MOPCKHE OCaKH, B OObIUeH HI 
|MeHbUIeH CTeMeHH COCTOAMIMe H3 MaTepHala, MepeHeceHHOTO ApelidyrouluMu 
JibaMu WIM alicOepramu. MuorouncsieHHble HOBbIe HCCIeJOBaHUA, NOJYYeHHEIC 
‘Ip H3yYeHHH COBPeMeHHOrO OCaKOOOpas0BaHuA B MOpsAX CCCP, uu ocoGenxo 
acculeqoBanua Mucrutyra okeanomornM AH CCCP B fabHeBOCTOUHBIX MOPAX H 
B BOaxX AHTapKTHKH, JlalOT BO3MOX%KHOCTb OTKa3aTbCA OT 3TOTO HeyayHOrO 
TepMHHa, HU pasfetHTb OcaKU, panee OObeHHABLUIMECA B STY rpynny, no Kpaii- 
‘Hel Mepe Ha TPH CaMOCTOATCIbHBIX THIIa: MOPCKHe JI@JOBLIe OTOXKeHUA, MOP- 
‘ckHe alicOeproBble OTJIO%KeHHA HM MOABOAHbIe MOopeHb. Karkybili v3 yKa3ay- 
‘HBIX feHETHYeCCKHX THMOB OCaKOB JOCTATOYHO 4YeTKO BbIJeIAeTCA NO pay 
| eats 
Tenesvc 9THX OCaKOB npeqompeyeidet UX KOHMCHTPallwio, WHpPMHY apeava 
‘pacmpocTpaHeHHa, MexXaHHyuecKHl HW NeTporpaduyecknl COCTaBbI, a TaKXKe HEKO- 
‘TOpple fpyrue cBolicrBa. 

Mopckve JleXOBble OTJIOXKCHHA CBA3AHbI C JeATEJIbHOCTbIO MOPCKHX JIbJOB, 
a B HeEKOTOPbIX CJly¥aAnx (HaMpHMep, Ha M€JIKOBOJbAX CeBepHbIX MOpel CCCP) 
Tak»Ke CO 3HAYHTEJIbHbIM BbIHOCOM B OTKPbITOe MOpe PeUHBIX JbJOB. OTH OTIOXKe- 
HUA BeCbMa IIMPOKO paclpocTpaHeHbI He TOJIbKO B MOPAX XOJIOAHOH 30HbI, HO H 
B YMepeHHOM H TEeIJIOM NOACaX, BIVIOTb JO CeBepHbIx YacTelHt Uepnoro u Kacnuii- 
ckoro Mopeli. Apeam pacnpocTrpaHeHuA COBPeMeHHbIX MOPCKHX JICOBbIX OTJIO- 
XKeHHH MpPHOMH3HTeEMbHO COOTBETCTBYeT OOJIACTH pacipocTpaHeHHuA MIOByYHXx 
Jiblos. CepepHad momopuna SAnoncKoro, Oxotrckoro u bepuurosa mopei, Ce- 
BepHoro JleqopuToro okeaHa, a Take Oo/buiMe noulatM AnTapkTHueckux 
Mopeli MOKPbIBalOTCH JIbaMH, KOTOpble HaXOJAT OTPaxkenve Ha JHE B Bue 
JeJOBbIX OCaKOB. CyMMapHad MIoWalb HX pacipocrpaHeHHA UCUMCJIAeTCA 
JlecATKaMH MMJWIMOHOB KBapaTHBIX KHJIOMeTpOB. JIbybl 3aXBaTbIBalOT KaMeH- 
HbIdd MaTepvadl c GeperoB pH OTpbiBe OeperoBoro Mpunasd, a TakKe MpH OOpa- 
30BaHHH JOHHOLO vIbya. Tlepementaicb nox WeHcTBHeM TeyeHHH HM BeTPOB, OHH 
NOCTeMeHHO paCCeHBalOT 3aKJIOUeCHHbIM B HHX KaMeHHbIii rpy3, KOTOpbIi maya- 
eT Ha HO. HekoTopbie aBTOpbI CUHTAIOT, YTO IPH 3aXBaTe OCaOUHOFO MaTepH- 
ayla TlaBHYIO pOJIb UrpaeT Hanosi3aHHe JIbNOB Ha Oepera BO BPeMA CxHKATHH, a 
Tak2Ke BbIMMXHBaHHe OCa{KOB HH2KHMMH YacTAMH JIbqMH (*). KosmuectTBo BMep3- 
wero B Je TOHKOFO OCafouHOTO MaTepHalla — HWJIOB, aJIEBPHTOB, MecKOB — 
OOLIMHO OKa3bIBaeTCA CPaBHUTebHO HeOOJIbIUMM. HanOoslee ueTKo MposBssaetca 
MepeHoc MaTepHasia pa3MepHOCTH rpaBusA, FaibKH M BaslyHOB. JIbAbI HECyT 
KaMeHHbIit MaTepHasI B OCHOBHOM NO BOON, H MOTOMY Mpolecc TpaHcnopTHPOBKH 
WJleT He3AMeCTHO; JIMUIb H3PeMKa Mp TOPOWeHHH OTMeYaeTCA HOAPeHHEe «psA3- 
HBIX» JIbqoB. Ipysonoybemuoctb | mM? sbya MocTuraer 100—300 xr. 

PacnpocrpaHeHve MOPCKHX JI€JOBbIX OTJIOXKeCHHH B COBPCMCHHbIX OCaKax 
OObIUHO He CBA3aHO C (pall4aAMH — KaMeHHBIli MaTepHal HaOIOaeTCA B CaMbIxX 
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pa3sHooOpasHbIx THNaXxX 
yacTell BOJOeMOB B Mpefesax 30HBI paciipocr 
KaMeHHOro MaTepHaila 


NOy4aTb MpoOs! 


JIefOBOrO pa3HOCca C Il 


ocaKoB OT OeperoBOl JIMHHH BIVIOTh JO WeHTpaJIbHBl: 
paHeHua sbg0B. Ham yflaBpasoc jh 


Puc. 1. Kamenubili MaTepuvam, MepeHeCeHHbI JIbaMH CO Ha 


6—8 thic. M. KonleHTpallud KaMeHHbIX OOJIOMKOB B | M® OCay{Ka OObIMHO YMeHbif 
waeTcaA OT GeperoB B CTOPOHY OTKPbITOTO MOPA MW Ha KOHKPeTHBIX y¥YaCTKaX MOP¥ 


Bepuurosa Mops. T'ay6una 3097 m 


Taoarm ieared 


[panysometpuyecknit coctas u M,* mMopcKHx JleqoBbIxX OCaqKOB 
Bepuuropa Mops M ceBepo-sanaqHol uactH Tuxoro oKeaHa 


TlpaHynomerTpHueckuii cocTaB 


Pasmep BepHuHroso mope Tuxuli oKeaH 
4acTHu. 
MM YHCuIO cpe Hee cofep- Ma *, % UHCJIO cpeqHee cojep- 

aHasIH30B >*KaHHe, % aHaJIH30B maHHe, % 

>50 102 4,72 0,90 21 salts) 

50—25 103 9,02 ZO 21 8,67 

25-10 105 28 10 29,70 24 35,74 

10—5 105 22,12 37,62 24 18,65 

525 105 16,09 19,80 24 6,34 

ee) 105 415,00 8,91 24 3,26 


* M,— MequaHHbIit quameTp, 


yOuH fl 


CKOrO [Ha 3aBMCHT OT COOTHOLMEHHA Me@2KLY CKOPOCTbIO MOCTYMIeCHHA KAaMCHHBIX 
OOJIOMKOB H pasOaBsAlollero HX TOHKOFO OCaqouHOrO MaTepuada. Ilo Hamm Ha- 
OJOMeCHHAM, B aJIbHeBOCTOUHBIX MOPAX KOHIeHTpallda KaMeHHoro MaTepHaslé 
KomeOsetca oT 0,5—1 kr/M? uw Hu2Ke 20 1000—1200 xr/m’. [Ipu6pexnoe IIpOHCXOX- 
AcHHe KaMeHHOFO MaTepHadla, MepeHOCHMOrO JbaMH, HaKJlalbIBaeT XapakTep- 
HbIM OTMCYAaTOK Ha eFO CBOHCTBa. Kak NOKa3bIBaIOT OOWIMPHbIe HOBLIe MaTepHaJbt 
BONPCKH PaCMpOCTpaHeHHOMY MHeHMIO, KaMeHHBIii MaTepnal, mepeneceHHbtt 
AblaMH, OOLIMHO XOPOWO OKaTaH (puc. 1). CpenHad OKaTAHHOCTh JeNOBBIX ocal 
KOB OXxOTCKOro MOps MO NATHOAWIbHOL Kav (*) Ha ocHOBaHUH 10 THIC. aHaJIH30E 
OKa3alacb paBHOH 2,91, oObruHbIe Mpesenbt KoneOaHHi oT 2,5 mo 4 u BEIMe 
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HaJlOrHuHad BeMUMHAa Id BepuuroBa Mopa Ha OcHOBaHuN 15 THIC. aHasH30B 
pcraBiiseT 3,0—3,5, a Wa ceBepo-3anaqHoH uactu Tuxoro oKxeana 2,90. Cun- 
CHH€ OKaTaHHOCTH MOPCKHX JIeEQOBbIX OCAKOB CPaBHUTeIbHO C UHCTHIM TWIA- 
<eBbIM MaTepHaJIOM OOYCJIOBeHO 3aXBaTOM HeOKaTaHHOro MaTepHasia. ocwIMeli 
| KaMeHHBIX MOTOKOB, JOCTHFaIoulux ype3a BOJBI. 
BecbMa XapaKTepHbIM ABAeTCA rpaHyslOMeTpHyueckHH cocraB KaMeHHOrO 
MaTepHasia (Ta6n. 1). 

M13 ra6n. 1 BugHo mpeoOaqaHue matepnana or 5 70. 25 MM; Maz B 70% 
JyuaeB HaxOJHTCA B Mpemenax oT 5 no 25 mM. 
[Ipu TpaHcnopTupoBkKe MOpCcKUMH JIbJaMH B cabo cbopMe npoABAAeTCA Me- 
Kanuueckan Audpepentiwauna. HanOonee Kpynubiii KaMenHbIii MaTepnau crpy- 
KaeTCaA OJIMxKe K OeperaM,a B IleHTPaJIbHble YaCTH BOJOeMOB uallle BCero NPOHHKaer 
paBu. QTO mpaBHJIO UMeeT JIM OOuee 3HAaYeHHeE—B CBA3H C KOHKPeTHbIMH 
COOCHHOCTAMHM pactipéeteHua MaTepHasia MOXKHO HaliTH MHOTO HCKmIOUeHHI. 
LOPTHPOBKa KaMeHHOPO MaTepHaila, MepeHeCeHHOPO JIbJaMH, JLOBOJIbHO BbICOKaA, 
OUTH Taka %e, KaK y IMIA*wKeBOrO MaTepHaa. KoatpuynNenT copTHupoBKu 
|S,) KoueOleTca uate Bcero B Mpegenax oT 1 yo 2 (no AaHHEIM 150 aHamH30B, 


So 1—1,5 1,5—2 2—2,5 2,5—3 3—4 >4 


‘Yactora BcTpedaemocTH, % 20,79 43 ,66 Din, Dr sSiil 3,96 0,99 


Ilerporpaduyeckult cocTaB JIeqOBbIX OTJIOXKeHHH TeCHO CBA3aH C COCTaBOM 
KaMeHHOrO MaTepHasia OeperoBoH 30HbI. M3yuenne meTporpatbuu HeCKOJIbKUX 
[eCATKOB TbICHY KAMCHHBIX OGOJIOMKOB CO JHa JaJIbHeBOCTOUHBIX MOPell UH 43 
ppxoro OKeaHa MOKa3aJi0, YTO OCHOBHBIe O4arH MOCTYMIeHHA STOTO MaTepHasia 
pacnoslaraioTca O1u3 Oeperos. JletanbHoe nerporpaduyeckoe KapTHpoBaHHe 
d€T BO3MOXKHOCTb HE TOJIbKO YCTaHaBJIMBaTb YYaCTKH MpHOpexHOH 30HbI, M0- 
CTaBJIAIOULHe B OCAXKH Te WIM MHbIe MOPOAbl, HO TaKXKe BLIACHHTb KOHKPeTHBIe 
MYTH MUrpalun STHX NMOpoR B ocalKu. TnaBubre NyTH MUrpallHH OTparkKalorT 
DCHOBHbIe HallpaBJleHHA Apelicba JIbqOB Ha NOBepXHOCTH 3a MHOFOMeTHHH NepHvog. 
lyru murpatuu Mmoryr Obirb mpocuexKeHp! B OxoTcKoM u Bepwuropom mopax WIA 
DIHOJIETHUX JIbJOB Ha pacctosuHu Zo 500—1000 km. B oOmacTu pacnpoctpaHe- 
‘HHA MHOTOJIETHHX MaKOBbIX JIbJOB JaJIbHOCTb MepeHoca ellie GouIbue, OHA COOT- 
BeTCTBYeT 30He UX pacnpoctpanenusa. KocBenuble AaHHbile NO3BOAIOT Mpesnona- 
rath, 4TO B pxAe csly4yaeB KaMeHHBbIM MaTepHal, 3aXBa¥eCHHbI JIbyaMuH OM3 
yetba Jleupr H Enuces, mepenocuTca B WeHTpasbuble uactH ApKTuyecKoro 
Oaccelia HM, BO3MO2KHO, MepecekaeT ero. KoHleHTpallua KaMeHHOTO MaTepHasia 
B OCaIKax NO3BOJIAeT CYAMTb O PpaHHlax pacnpocTpaHeHHA JIbAOB, a NO cocTaBy 
KAMCHHbIX OOJIOMKOB Ha JOCTATOUHO OOJIbIIHX MVIOWAatAX Ha MOKHO BbIABJATb 
KOHKpPeTHbI€ MYTH MepeMelleHHA JIeEXOBbIX Nose Ha NOBepXHOCTH. 

@ayua cpequ MeqoBoro MaTepHasia BCTpeyaeTcA Kpaline peMKO, YTO CBA3ZAHO 
C 6€3KH3HEHHOCTbIO JIMTOPaJIM MW CYOMTOPAJIN B OOIACTAX C TAXKEJIBIMH JICHOBbIMH 
yenoBuamu. Ha moBepXxHocTH raJleK, MepeHeCeHHbIX JIBJOM, HEpeKO MO2XKHO 
HaliTH WITpHXOBKY, MOxoxKyio Ha JleqHHKOBYy1O. Ona OOpa3yeTcA Mpu 3axBaTe 
KaMeHHOTO MatepHasia B GeperoBol 30He. Coylepxanue CaCO, B 3anoJIHAIollemM 
MaTepHaule He3HayTebHO; SiO, ,y;— MHOPO, B OCHOBHOM 3a C4¥eT JMaTOMOBBIX. 
[paHullbt pacnpocTpaHeHHA JIeMOBbIX OCAXKOB MOCTeMeHHBIe. 

Mopckue alic6eprosble OTOXKEHUA CBASAHbI C ApepOM MeMAHEIX TOP, KOTO- 
DbIe H MepemelaroTca HepeAKO Ha OFpoMubIe paccTrosHud. OcoOeHHO KpyMubre 
eMAHbIe TOPbl OOpasyloTcA B HacToAulee BpemMaA B ANTapKTHKe, rye cnuouH0e 
KOJIbIIO alicCOeproBbIX OTMOAKeHu ONOACHIBaeT MaTepHK NO 45—50° wo. mI. 3a- 
MOIHeHHe alicOeproB KaMeHHBIM MaTepHayIOM IIpOMCXOAMT B_ JIe€HHKaX. 
Uem OOubUIMe MIOWLayH MUTAaOT JIeHUK HW YeM pa3sHOOOpasHee FOpHble NOPOTE 
3 O6ACTH ero pacimpocTpaHeHUsA, TeM OOLIUHO Gosee pasHOOOpaseH MeTporpadu- 
1ecKHH cocTaB alicOeproBbixX OCaKOB Ha MOPCKOM He. ; 

KonueHTpallua KaMeHHOrO MaTepHasa, MepeHeceHHoro alicOepraM¥, MOxKeT 
‘bITh BECbMa BbICOKOM, uTO OTMedaocb MH B AntapKTuke u B Ces. ATylaHTuKe 
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(6,7). MexaHHueckui cocTaB, OKaTaHHOCTb, MerTporpaduyecKHH COCTAaB alic6e jp 
roBoro MaTepHasia, no Jannprm Mopcxoli anrapkTuueckuit skcnequiuu AH CCCI) 
CYUeCTBCHHO OTJIMYACTCA OT COOTBETCTBYIOWMX NOKasaTeeH TA JIeMOBOTO Mj 
TepHana. AiicOepru CMocoOHbI NepeHOCUTb THraHTCKHe BaJlyHbI, HO ‘alle OF) 
mepeHocaT fpoOslenble OOJIOMKH pa3MepHOCTbIO OT BaJIYHOB JO APeCBEy 
CnekTp rpaHyJlOMeTpHueckoro cocTaBa TaKHX OCaJKOB 3HaUHTeJIbHO UIMjIh 
J@MOBHIX B CBA3H C IIpHcyTcTBHeM OOJIbIIOTO KOJIMYeCTBa TOHKUX Mpiy 
RYKTOB poOsenua. B cBaA3H Cc BbICOKHM COJlepxKaHHeM Jie HHKOBOH Hd) 
KaMe€HHOM «MYKH» KOS*PPHIMeHT COPTHPOBKH OYeHb HHM3KHH — OT 7 JO 20 
(c yyeToM MeKUx tpakunit) (8). TlockombKy TOHKMH MaTepHal OOpasyeTca <j 
cueT H3MeIbYeHHA KPYNHOTO, AIA BceX (PpakUMH ITHX OCANKOB THMMYeH CXO,f 
HbIM MHHepasiorMueckHH kommuieKc. AlicOeproBbii MaTepvas OJIM30K K MI| 
penHomy. J\Iat Hero THNMYHbI OCTPOYFOJIbHbIe HIM CslerKa BbIPAaBHCHHE 
moO yriaM OOJIOMKH C HepOBHOH, HMHorya HCWITPHXOBaHHOH MOBepXHOCTbk t 
meTporpaduyecku cocTaB OTBeYaeT OO6/aCTH MHTAaHHA JieqHHKa, OObIYHO M)) 
Hee pasHooOpaseH, YeM sleqoOBOro MaTepHaua. EciM LIA JeOBbIX OCA]KOB OCHO 
HbIMH THMaMH ABJIAIOTCA PpaBHHHble HU raJiedHble B BHe IpHMeCH K TeppHreHHbilt 
WJIH KPCMHHCTbIM OCaJKaM, TO alicOeproBble OTJIOXKECHHA OXBATHIBAIOT BCIO FaMME 
(ppakWHi OT BaJIYHHbIX JO TOHKHX TeIHTOBLIX HM BCTpeyaloTcA KaK B UHCTCH 
Buje, TaK (MO Mepe yaJIeHHA OT JIEMHHKOB) M B BUJe NpHMecH K ApyruM THE 
ocankoB. B 3anouJIHAIOIeM MaTepHasle YHCTHIX alicOeproBbIX KaMCHHCTHIX OCa}t 
Kop CaCO, mpakTuyecku oTcytcTByeT; SiO, zy; — MHOTO, 3a C¥eT JHATOMOBb 
Bofopocet. [panute mepexoya K APyrMM THMaM OCaXKOB MOCTeMeHHBIe, KOlh 
MeHTpalluA alicOeproBoro MaTepHasia MawaeT OWeHb TWIaBHO. j 

TloqBoqubre MOpeHE! OOpa3yioTCA WIM B CyOaspasIbHbIX YCJIOBHAX UH sare} 
dOrpyKaloTca NO YPOBeHb MOPA (MOTpy2XeHHble MOPeHb!), HIM HEMOCpeACTBeHE! 
Ha MOPCKOM He OJIM3 OKOHYaHHA KPYMHBIX JeqHuKOB. MopdoviormuecKH OF 
BbIJeIAIOTCA OOBIYHO UCTKO — 9TO THIIHUHbI€ MOPEHEI, OJIH3KHe K MOPeHaM CYL) 
Uae Bcero B COBPeMeHHBIX OCayKaxX OOHAPy2XHBalOTCA KOHEUHBIe MOPeCHES 
TATOTEeIOMIMe K PUOpAaM, TporooOpa3HbIM JOJIHHAaM H pyri (PopMaM Je AHHKOBO! 
pembecha Ha Oeperax. HepeyKo OHH CBH3aHbI C OTCTYMaHHeM JICHHKOB, COXpi} 
HMBUIMXCA HW B HaCTOAUee BPeMA. OueHb XapaKTepHble JpeBHHe NOJBOTHb 
MOPeHbI OOHapyKeub! B CeBepHOH yactH Bepuurosa mops 61u3 duopzos 6. IIpi 
BUeHHA, 3a. Kpecra. CoppeMeHHble NOABOAHbIe MOPeHbI HaliJeHEI Ha WedIbd) 
Boctounol AnTapKTHKH; OCcO6eHHO WIHpOKO pacmpocTpaHeHbI OHH B Mope Jel 
BHCa. 

TloqBoqHbIe MOpeHbI XapaKTepH3y!OTCA OYeHb BICOKHMH KOHICHTpalluAM 
KaMCHHOFO MaTepHaJla, JIOKaJIbHOCTbIO PaCclpocTpaHeHHA, pe3KHMH PpaHHllaMl 
MpHYPOUeHHOCTh K JIeEHHKaM HJM K THMOBLIM (OpMaM JIeqHHKOBOLO pembedhi 
CBHJeTEIbCTBYIOWIMM 06 OJleeHEHHH B MpOuIOM, rpyObim rpanysiomeTpuyecku 
COCTABOM, OTHOCHTEJIbHO OXHOOOPa3HBIM NeTporpad*uyecKHM KOMIMWIC€KCOM H YTuJIC 
BaTOCTbIO O6sIOMKoB. IIpumecb THNMYHOTO MOPCKOrO MaTepHauia K MO PeHHOM 
OObIUHO He€3HAaUHTeIbHa, B 3aNOJHAIOMLeEM MaTepHasie CaCO, u SiO, ay; O4eH 
Maslo. PacnpocrpaHeHve NOJBOXHEIX MOPeH OOBIUHO OrpaHHveHo merbiPom, K 
B AHTapKTHKe MHOra OHM JOCTHrawT HW MaTepHKOBOrO cKoHa. B ormuuue C 
HUX alicOeproBble HU JeJOBIe OTOXKEHHA HMEWOT OUCH OOWHPHEI apeas pa 
mpocrpanenua. Mexkyy se0BbIMH, aficOeproBbIMH HM MOPeHHBIMH ocalKa 


CyILecTBYtOT Tak?Ke MOCTeNeHHbIe MepexOJbl, B PpxAHe MecT OHH HaKallJIHBaloTc 
COBMECCTHO. 


VucrutyT okeaHooruu Tloctynuno 
Axkajlemuu HayK CCCP 13 IV 1957 
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TEOJOLHA 
E. K. MAPXHHHH 


K HCTOPHH PASBHTHA BYJIKAHH3MA HA KYPHJIbCKHX 
OCTPOBAX 


(ITpedcmaeaeno axademuxom J. C. Kopocunckum 10 IV 1957) 


OHHM H3 HaHOoulee OarOnpHATHEIX OOBEKTOB JIA W3YYeHHA pasBUTuA 
BYJIKAHH3Ma H CBA3AHHBIX C HHM ABJIeEHHH Ha ocTpoBax Boubuiok KypuabcKor 
PpAb ABIAeTCA O. KyHawimp, rye 43-NoX OOpa30BaHHli YeTBeEPTHYHbIX BYJIKAHOB 
lo6Haxkaiorcsd NOposp TperHuHOTO *byHAaMeHTa, HMeIOTCH BbIXOJL rTpano_MopH- 
TOB, pYJHbIC MECTOPOKeCHHA, AeHCTBYIOWIHe BYIKaHbI H MHOTOUHCJICHHbIe Tpo- 
ABJICHAA COBPCMeHHBIX THApoTepM. 

Hamu Ha 9TOM OCTpoBe MO reOJIOTHYeCKHM B3aHMOOTHOLIEHHAM HM MOpdouIO- 
‘rwuecKuM IpH3HakaM YCTaHaBJMBaeTCA CueyIoulad CXe€Ma MOCJeAOBaTeJIbHOCTH 
.MarMaTOreHHBIX OOpas0BaHHi: 

1. BymkaHoreHuble OOpa30BaHHA MecTpble MO cocTaBy (OT aHe3HTOB JO 
AWMapHTO-LalHTOB), eTaIbHO He PaCWIeHeHHEIe... (HW2KHHM-CpeqHHH MHOLeH?). 
2. Wurpy3uu rpaHoquopuToB HM KBapleBbIX JHOPHTOB... (BePXHHH MHOLWeH?). 
3. /KusibHad cepuf Mopoh............. . (BepXHHH MuOLeH?). 
A. JJaiku smunaputa. 

Bb. )Kuspr w awk nopox u3 rpynnbr anesuta-Oa3aubta. 

B. Ksapteno-cyJIbiuAHbIe KHJIBI. 

4. TycbokoursiomMepaTb H TyPonmecuaHHK OCHOBHOTO cocTaBa... (MJIHOWeH?). 
| 6. OkcTpy3Hu smaNapuTo-falutTa... .. (MJIMOWeH-YeTBepTHYHOe BpeMs). 
6. Tlokpopbt, Me3bI H HEKKH aHJe3HTOB HM aHesHTO-Oa3aJIbTOB . eh bee 
| oe ee et es a eee ee ee MC TBCDTHYTOCM Bema) > 

7. OOpa3s0BaHHA HbIHe JeHCTBYIOWIMX BYJIKAHHYeCKHX WeHTPOB: Oa3savJIbTHI, 
aHJe3HTO-Oa3aJIbTbl, AHJe3HTHI, AHe3HTO-lalluTbl HW alluTyl . ey. 

Pe a ee sw, a (UCT BCD THUROO EDEMA. 

1ByamkaHoreuHubpe o6pa30BaHHaA Teer p se;  H:0 
cocTaBY MeTaAbHO He pacuNeHeHHbe. OTH OOpas0BaHuA 
WIMpOKO pacmpocTpaHeHbI B CpefHe HM CeBepo-3anaqHou yacTn o. Kynauimp, a 
Takxe Ha o-Bax Ypyn wu Mrypyn. Onu mpescraBsenbr anesuTaMH, aHjlesHTo- 
‘[lalluTaMu, JaluTaMu HW JIMMapHTO-aluTaMH, MMeIOWMMH OOLIYHO NaJleOTHMHBIH 
o6muK. Bo muorux cilyyaax acdPpy3HBHbIe NOpOAbI HW UX TYDbI OYeHb CHJIbHO 

JIMCIOWMPOBaHbl HW H3Me€HEHbI: XJIOPHTH3HPOBAaHbI, KaOJIMHHSHPOBaHbl HM T. I. 
Toma MpopbiBaeTca HHTPY3HAMU FpaHOAMOpHTOB — KBaplleBbIX JMOPHTOB 
MHOPOUHCJIeCHHbIMH JlalikaMH MaJleOTHMHBIX aHJe3HTOB HM aHeSHTO-OasaJIbTOB. 
Ona 3aculyxKuBaeT OOJIbUIOTO BHUMaHHaA, Kak BMellalollad CyIbuAHOe OpyMene- 
HHe, TeHeTHYeCKH, BePOATHO, CBA3AHHOe C FpaHHTOHAHbIMH HHTpy3snamn. IIpu 
JaNbHeMMIeM H3YYCHHH MOXKET OKa3aTbcCA, YTO OHA HE MpescTaBAeT COOOM eTH- 
HOTO KOMIMIeKCa H JlOJKHAa OBITh pacuseHeHa. BO3MOXKHO, YTO TOJIbKO HHKHVE 
TOPH30HTHI STON TOJILM MpOpbiIBaloTCA MHTPY3HAMHM TpaHOAMOpHTOB MH KBaplie- 
BbIX JHOPHTOB, a 4aCTb OOpas0BaHHl ABJIAeTCA UX S*PPy3HBHbIMH aHaJOraMy HIM 
Jlaxwke ux TMepekppipaeT. MomtHocTb TOJIMIH He Me€Hee HeCKOJIBKHX COT MeTPOB. 
BospactT pHHuMaeTCA HaMH YCJIOBHO 3a HH2KHe-(H CpeHe-?)MHOMeHOBHIN M0 
aHaJIOrHH C Tak Ha3bIBaemoli cepHei Mucaka, OTHOCALMLeHCA K HH2KHEMY MHOMeHY 
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MU UWIMpoKO pacnpocrpanenHoft B IlentpamtbHol u CeBepo-Bocrounolt ‘Anonunl 
OcHoBaHveM Jia 9TOrO ABusioTcA: 1) TeppHTOpHabHad M TeHeTH4eCKad OVI) 
30CTb paiioHoB pacmpocrpanenua; 2) cxoHBI cocras — cepua Mucaka co 
CTOHT H3 aHe3uTOB, UX TyoB, TypoOpekunli W OCO*RKHeHAa MakKaMU WH MHTPY3HB} 
HbIMH 3a/le2%KaMH JOJlepHToB; 3) O6e TOU MeCTaMH MeTaMOp@H30BaHbl HHTPY{ 
3HAMUM KBaplleBbIX HOpHTOB; 4) Oe TOJILJM HHTCHCHBHO AMCJIOUMPOBaHb! MO3I} 
HeHMIMMH TeEKTOHHYeCKHMM JBHXKeHHAMH; 5) OOe TOMLIN ABJIAIOTCA OCHOBAHHEl} 
MOJIOJbIX KOHYCOB JIMHe€MHO paCiOJIOX%KeHHbIX BYJIKAHOB. jd dye 
2. UHTpy3u4H TpaHOAHOPHTOB H KBAPHeEBHX AUD 
putos. Marpy34u rpaxoqHopuToB — KBapleBbIX JHOPHTOB H3BeCTHbI HJ 
page ocrposos Bowpmoa KypuabeKo rpaqbl, B TOM 4Mcme Ha O-Bax Ilapa 
mMywup, Ypyn, Kynamup. Ha Kynaumpe Bprxoabt HX HaOul0JaMCb HaMH B Te: 
MyHKTax: Ha OxoTcKoM moGepexKbe B CeBepo-3anaHol yacTu OcTpoBa, Ha Oepery 
mpomupa ExatepHubl, M Ha THxooKeaHCKOM NoGepexkKbe B 1OFO-BOCTOYHOH 4aCTI} 
ocrposa. IInouaqu, 3aHATbIc HMM, HeEBeJIMKH, HO TpaHOJMOPHTbI BO BCeX CIs 
yaiX YXOJAT B MOpe, MOSTOMY eliCTBUTeIbHbIe PasMepbI UX Tel HeACHHI. Han 
Ooslee KPYMHbIM TEJIOM ABJIACTCA MACCHB, IPOTATHBAIOWMHCA BAO/Ib Oepera OxoTy 
cKoro Mops oT p. SomoTo Jo M. IIpacomospa. KouTakTsl rpaHOMOpHTOB C BME 
ULalOuULMMM MOpoaMu OG6bIYHO KPyTbIe, NOYTH BepTHKaJIbHbIe. M3MeHeHHe BMe 
ULaoulux MOpoOk OU3 KOHTaKTa CKa3bIBaeTCA B OKBapLeBaHHH, aJIbOHTH3alMHny 
xjopuTH3aunH. [panoqMoputTbl WMeloT HeCBexKHH BU: MoJeBEIe WNaTH Med 
TH3MPOBaHbl, TEMHOLWBeTHBIM MMHepas 3aMellleH XJIOpuToM. Uactoe pa3BHTH 
TaKHX CTPYyKTYp, Kak [lpaHHT-foppupoBad UM MHKpOanJIHTOBaA, TOoBOpHy 
B MOb3y runaOuccabHOrTO MPOMCXO*KMeHHA STUX Te. Bospacr rpaHOAMopurTolh 
HW KBaplleBbIX JHOPHTOB MpHHHMaeTCA HAMM YCJIOBHO 3a BEPXHEMHOWeHOBHIN Hy 
CuleLyIOulNX OCHOBaHHAX: 1) Hao. Ypyn Hemoro (3) HaOmoan mepekppitue Ky; 
PHJIbCKUX [paHHTOHAOB OTJOHKeCHHAMH Heorena, AeTaibHee He ONpele/eHHbIMH 
2) B CeBepHot u LlentpambHoh SinoHHM KBaplleBble AHOPUTHI, MpOpbiBaroulu 
CHJIbHO JMCJIOUMMpOBaHHbIe BYJIKaHOreHHble OOpa3soBaHHa (Cepua Mucaka) 1% 
ABJIAIOULMECA OCHOBAHHeM COBPeMeHHbIX BYJIKAHOB, HMeHOT BepXHEMHOLeHOBBIE 
Bo3pacT. YuHTbIBAaX TeppHTOpHambHyio MH TeHeTHYecKy1O OM30CTb palioHOB) 
€CTeCTBCHHO MPOBOAHTb aHaJIOrHto. : . 
3. KuabuHana cepua nopog. A. Latxku aunapurtas 
Jaiku sunmaputa HaOodaiucb HaMM Ha CeBepo-3anaqHoM moOepexbe o. Kyna 
mp B paione M. IIpacoosBa. Ouu mpuypoueubl K MaccHBy rpaHnoduvoputos. Mourn} 
HOCTb 9THX Jaek pa3iM4Ha — oT 0,5 yo 12 mM. Onu MowloxKe MaccHBa rpaHosHo: 
PUTOB, TaK KaK efO CeKYT, HO OHH MpeMuecTBOBaIM OOpa30BaHHlo XKHIbHOH CepHuk 
aHe3HTOB M aHesuTo-OasambTos. Jia OoubUIMHCTBa H3 HHX XapakTepHO Kpy-s 
Toe JO BepTHKaIbHOrO MayeHve HM CeBepo-3alaquoe mpocrupanue. Hexoropsie| 
Wank JIMNapta MO3qHeHWIMMA TeKTOHHYeCCKHMH JBH2KCHHAMH TepexkarTbl4 
Jipyrue — pa30pBaHbl cyBHraMu. 
B. Kuh H RawKHM NMateoTHNHEX NOpoA us rpynuns 
auHmesutTa wH 6a3aNbTAa. OTH XKUMAbHbIE NOpOAb pacnpocTpaHeubi 
oueHb WupoKo. Mx HwxKHAA cTrpaTHrpaduyeckad rpaHulla onpesemAerca TeM.! 
4TO OHM NMepeceKaloT Aaliku JIMMapTa, a BePXHAA TeM, 4YTO OHH CaM Mepece; 
KatoTCdA KBaplWeBO-CyJIbPHAHbIMH %KWIAaMH. OOpaTHblX B3AMMOOTHOLICHHH MbI Hel 
HaO0 La. OXHAKO BO3MO%KHO, YTO 3THMM HallIMMH HaOJOJeCHHAMH ,cLeaHHbIMHt 
Ha CeBepo-3allaqHoM modepexbe 0. Kynaumup, B paioue . ITpacoviosa, ycranaBuM- 
BaeTCA BO3PaCcT TOJIbKO ONpedeeHHOH PpynMbl WaeK OCHOBHBIX MOpoy. MourHocrTE 
2H WH WaeK caMad pasHooOpa3sHad — OT HECKOJIBKUX CaHTMMeTPOB JO MHOrH 
meTpos. IIpocrupanua Ux pa3IM4HbI, HO MpeuMyulecTBeHHO ceBepo-sanaHBIe| 
© a3auytamu B 330—310°. Yrapr naqenua Kpytoie. 
B. Kpapwesphe. 4 CYTbBPURHO-KBAaPLeBHe . KuHa ee 
Xora KBaplleBble H CY b(PUTHO-KBapUeBble 2K He ABJIAIOTCH OOpasoBaHuAMH 
MarMaTHUeCKHMH, a pe ACTaBsAOT COOOM yxKe MPOAyKT THApoTepMavIbHOH Jea- 
TeJIbHOCTH, (POPMHPOBaHHe HX SHaMeHYyIOT COOOM ONpese/eHHbIi 3Tan B pasBHTH 
MarHeTH4ecKoro Mpowecca H MOMellleHHe HX B Hallly OOULyIO CxeMy pa3BUTHA 
BYJIKaHH3Ma He JIMUeHO OCHOBaHH. Cysb(pHqHO-KBapueBble 2%XHIbI HaOmOJa-, 
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MCb HaMH Ha O. KynallMp B TOJIMe MasleOTHMHbIX JIMMapHTO-auHTOB BOCTOUHee 
. Hloxyyaesa. MouHoctTb ux 3 ecb He mpeBbiiuaeT 10 cm. IIpocrupanue ceBepo- 
allagHoe. I[laqenuve KpyToe (70-—80°) kak Ha 1wro-3allal, Tak WH Ha CeBepo-BO- 
TOK. CyUleCTBeHHO KBapleBble 2KHJIbI (PaspaOaTbIBABLIHeCA ATOHIaMH Ha 30- 
OTO), MOUHOCTHIO Yo 30—40 cm, ceKyT MaccHB rpaHOAMOpUTOR, Aaliku Mnaputa 
MaleCOTHNHOrO aHAesHTO-6a3abTa B palioue M. IIpaconoBpa. Bepxuan rpannia 
WX BO3pacTa OCTaeTCA HeonpeweeHHoH. 

SaMeyaTesIbHO, 4TO AIA BCel CepHH X%KMJIbHbIX MOPO XapakTepHbI ceBepo- 
allajlHble MpOCTHpaHuaA, B TO BPeMA KaK OCHOBHbIM TEKTOHHYeCCKHM HalpaBsle- 
jH#€M Ha OCTPOBaX ABJIAeCTCH CeBepO-BOCTOUHOe. Orcioga CleayeT, YTO B MepHoy 
|OpasoBaHHA XHJIbHOM CepHH TpeUlMHbI CeBepO-BOCTOYHOrO MpocTupaHHa Obi 
AKPBITHI [Ii MarMaTHYeCKHX pacaBOB HM THAPOTepMaJIbHbIX PaCTBOPOB. OTOT 
AKT HyKMlaeTca B OOPACHEHMH. . 

| 4. TymoxkouramomepaTH uw TyYPonecuaHHKH OCH OB- 
‘oro coctTtasBa. Tydokourjomepatpl 4 TyponecuaHuKH OCHOBHOYO CocTaBa, 
OMep2kalive HeoreHoByio dbayHy, H3BeCTHbI Ha pxAye octpoBoB Bompmoh Ky- 
\MJIbCKOM rpxagbl. Hepexko OHH BKJUOUAaIOT MpocON OCHOBHEIX adpy3uBos. Ha 
|. Ypyn Hemoro (°) Ha6moga 3aneranue TycbonecuaHukKoB HU TYPOKOHTOMepa- 
(0B, COJepxKaulMx HeoreHoByio (ayHy, Ha pa3MbITOM MOBepXHOCTH rpaHO,Ho- 
)MTOB. TovIla 3Ta B HHKHUX COAX COMePXKUT rasIbKy PpaHOAMOpHToOB, Merporpa- 
OMYeCKH aHAJIOPHUHbIX MOposamM TOrO MaCCHBa, Ha KOTOPOM ona 3aJieraeT. Hamu 
a3pe3 TyPoreHHO-OcaOUHbIX OOPa3OBaHHi MpPeANOJIOKUTEbHO MJIMOWeHOBOTO 
o3pacta (payHa HalifleHa He Oblla) u3y4alca Ha TuxooKeaHCKOM moGepekKbe 
». KyHawup B patoue noc. Topsunt Ilnax. B nwxKHef 4acTH OH MpescTaBseH 
ICAMMHTOBBIMH AH aJIeBPHTOBbIMH TydonecuaHHKaMH CBeETJIO-cepoH H KOpH4He- 
saTOH OKPaCKH, BbIUIe KOTOPbIX 3aJleraeT TOMIa rpyOblxX TYPOKOHTIOMepaTosB, 
{peAcTaBJAIOWMX COOOM riblIObl aHe3HTO-Oa3asIbTa, CILEMCHTHPOBaHHble Typo- 
qecdaHukaMu. 

_ SameraHve paccMaTpHBaeMbIX MOpOA MOBCIOAy Ha OCTpoBax, KaK MpaBHO, 
MokoHHoe. Yruibl MakeHua HeGombuine. MouHocTu B OTACMbHbIX pa3pe3ax ]0- 
‘THraloT MHOFHX COTeH MeTPOB. 

. 5. O9KCTPY3HH AUMNaApPUTO-RauuTa. HwxKHAA rpaHnla BOs- 
pacTa SKCTPY3HH MMMapHTO-falHTOBOrO cocTaBa oMmpeseaeTCA TeM, 4YTO 
y noc. Topauuit Ilia Takan 9KCTPy3HA MpopbiBaeT BY KaHOreHHO-ocaOuHEle, 
/COBHO MIMOMeHOBbIe OTIO*KeHHA. BepXHAnd rpaHuula Bospacta HescHa. A6co- 
1OTHAA OTMeTKa 9KcTpy3uH M. Topsyero 49 mM. Boplxogbl JMMapHTO-aluToB 
aHMMaloT Moulatb nopsgKa 10 000 m?, ofHako TOUHbIe pasMepbl SKCTPy3HH 
CM3BeCTHbI, TAK KaK OO/bUIaA YaCTb PpaHH CKpblTa MopeM. B KpaeBbIxX ya- 
TAX QKCTPY3HH BCTPeyeHbI KCeHOJMTHI TyPporeHHoroO MecuaHHKka. B 9KcTpy3HH 
{aOJOMaloTCA JIMHHH TeYeHHA, KOTOPble pacMOJlaraioTcA MapaJJIebHO KOHTaK- 
raM ee C BMelaloulHMH mMoposaMu. 

BpIxOJbl MOJIOQbIX JIMMApPHTO-aluTOBbIX MOPOL, BeEPOATHO XapakTepa 93KC- 
Ppy3HH, HaOmofaiuch Hamu y M. Pudet wu no Teyenuio p. TwopHua. 

GO T10KpOBH, MeSH HW HEKKH AHAeESHTOB H AaHTe 
3uTO-6a3aM0bTOB. Mbt oObeqMHAeM B ITOH rpynne JaBbl, POpMupyoulne 
*KJIOHbI MOTYXWHX BYJIKaHOB, TaKHX, HampuMep, Kak B. Pypyit Ha o. Kynaump, 
laBbl WW1aTO H JpeBHHX MOTOKOB, MOMOOHbIX TeM, KOTOpble cuaraioT !OxKHo-Ky- 
\WJIbCKHi MbIC, UM JaBbI, OOpasyioulue HepeAKO «IMNHMIM» H «MaJbibly Ha Oeperax 
ICTPOBOB H MpescTaBsatoulue COOOL 3auacTy!IO BCKPBITbIe 9PO3HeH AXepJOBHHBI 
3yIKaHoB. Bce 3TH OOpa3z0BaHHA OM3KU M0 BO3pAacTY MexKy coOoK UM, BepOxATHO, 
> [PeCBHUMA JaBOBbIMH NOTOKAaMH, OOHAaxXKalOulMMHCA B OCHOBAHHAX JeHCTBY!OWLAX 
3yIKaHOB, Halpumep B. Tata wu B. Menjeseesa Ha 0. Kynauup. Iloroxu 3TH He- 
.eKO MMeIOT MePpHKJIMHaJIbHOe 3auleraHne. 

7.O0O6pa30BaHHA HbHE MeEHCTBYWMAX BYAKAH EU 
lecKHX MeC€HTPOB: O6a3aNbTH, aHMe3uTo-Oa3abT bl, 
AHMeC3SUTH, AHRECZSHTO-RaAWUTH HM RawuTy. B ucropun Aen- 
‘TBYIOULMX BYKaHOB KypuJibcKux O-BoB, B YacTHOcTH y BB. To0BHHHa, Mex- 
leeepa H Tata Ha ocrpope Kyuatinp, MOryT ObITb BbI,eMeHbI TPH PvlaBHbIX e- 
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puoya: nepBblli — nepuox cbopMHpoBaHHA HM2KHUX JaBOBbIX KOMIIJICKCOW 
_ BTOpoli — nepHox dopmMupoBaHHA cpeHAX, MpeMMylecTBeHHO TydoreHH|t 

ocaJOuHbIx TOU, (HanpuMep, TomoBHHHCKOM CBHUTbI), TpeTHH — NepHox Po}, 
MH POBaHHA COBPeMeHHbIX (BbIPaKeCHHbIX B pesbede) BYJIKAHMYeCKUX TocTpoelf 
Bropoi mepvog Obl MepvOZOM MNOBOAHDIX UsBepxKeHHK. OOpasoBaHHe BbICOKIH 
MOPCKHX Teppac MpOHCXOAMJIO NapadJeJIbHO C HAKOMJICHHeM VM NepeOTJOXKeHH 
TydoreHHoro MaTepHasa. CoBpeMeHHble BYyJIKaHHYeCKHe NOCTPOHKH Hepeli}y 
MOKOATCA Ha MOBePXHOCTAX MOPCKHX Teppac. 


IWeHHe aKTHBHOCTH BYyJKaHoB. [locTKaJIbepHbIM MepHO WeATeJIbHOCTH MHOTI) 
KypusibcKHX BYJIKaHOB XapaKTepH3yeTcA OOpa30BaHHeM KUHCJIbIX SKCTPY3H}y 
VMuorga OHM OOpa3y1oT MpOOKH B KpaTepax HeOOJIbLIMX BHYTPeCHHHX KOHYCO) 
C 9THMM KUCJIbIMH SKCTPy3HAMHM HepeAKO CBA3aHa COBPeMeHHas COUb(PaTapHiy 
JICATEJIbHOCTh HM OOpas0BaHve CepHbIX MecTOpoxyeHHH. Y Oomee OCHOBHBIX 16 
cocTaBy BYJIKaHOB (HalpuMep, B. Tata Ha o. KyHallup) B MocTKaJibllepHbii Dh 
PHO OOpa3s0BaIHCb CJIONCTbIe BHYTPeHHHe KOHYcbI. Kakol-s1M60 MpocToH cxen 
U3MeCHEHHA COCTaBa MpOLYKTOB H3BepxKeHHH BO BpeMeHH y KypHIbCKHX BYJIK 
HOB HaMeTHTb HeBO3MOXKHO. Hao6opot, pasHble BYJIKaHbl, Jake B Mmpesens 
OAHOrO OCTPOBa B OHO BPeMA H3BeprasM pasHble JaBbl (HaNpHMep, BB. Toog 
HuHa HW MenjeseeBa—aunTel, B. Tata—Oa3aJIbTbl). OfHAKO OCOOeCHHOCTH XMM 
yeCKOrO H MHHepaJIbHOrO COCTaBa BCeX J1aB TOBOPAT OO HX TecHeHWeM reHerT| 
yYeCKOM POJCTBe, HECMOTPA Ha HX 3HAUHTeIbHOe PpasHOOOpasne. Bee OHH ABI 
IOTCA THMHYHBIMH MpeCTaBHTeJIAMH U[eJIOUHOSEMEJILHOH MarMbl HW OTJIHUAIOTM 
KpaHHeH M3BeCTKOBHCTOCTbWO. : 

Cy M0 peskoMy yrJIOBOMy HecoracHiO MexK]Y OTJeJIbHBIMM Tpynnamy om! 
CaHHbIX BbIMIe BYJIKAHOreHHBIX OOpa3s0BaHHH, CBOeOOpa3sHiO TeKTOHHKH B Kaz 
WOH W3 TaKHX Tpynn, OoublWeH WH MeHbIUel «MaJIeOTHMHOCTH» H3BeEPXKeHHE! 
NOpoO, Mbl B pa3BHUTHH ByJIKaHH3Ma Ha ocTpoBax Bombuioh KypuabceKxon rpaph 
BbIJeIAeM TPH WHKJIa, TOUHbIe BO3PaCTHble PpaHHllbl KOTOPHIX, OHAKO, HeACHIF 
NepBbIH (MHOMeHOBbIN ?),— MpHBeLWIMH K OOpasoBaHuio NecTpolt ByKaHOreHH 
TOJULH, TPaHOAHOPHTOBLIX HHTPy3HH WM X2HJIbHOH CepHH MOpoy; BTOpok (mH! 
IleHOBbIM ?), B pesyJIbTaTe KOTOPOrO O6pa3z0BaJIHCb CsIOHCTbIe TydoMmecuaHHKH ¢ 
TYPOKOHTOMepaThl, COfepxaillMe B HEKOTOPHIX pa3spe3ax HeoreHOoBy1o (bayF 
WH TepecaMBaloulHecA C OCHOBHBIMH 9Py3HBaMH; TpeTHH (veTBepTHUHBI),-} 
BbIPaSHBIUHHCA B JeCATeCJIbBHOCTH YeTBEPTHUHbIX MOTYXIUMX H HbIHe AKTHBHB! 
BYJIKAHOB. 


Jla6opaTopHaA BysKaHOsOrHH Tilecrynuno 
AxkayemHu HaykK CCCP 1 IV 1957 


UMTHPOBAHHAS JIMTEPATYPA 


* Geology and Mineral Resources of Japan, ed. Tsukasa Murakoshi, Katsumi Hashimot | 
Kawasaki-shi, 1956. #2 T. Kato, T. Jamaguti, J. Ogawa, T. Josida, Japa 
toss. and Geogr., 17, Ne 3—4 (1940). *T. Nemoto, J. Geol. Soc. Japan, 43, Ne 54 
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TEOJOrPHA 


C. B. CEMHXATOBA, JI. M. EJIMHA u H. W. AJIMATCKAS 
OTJIOWKKEHHA BAUIKAPCKOFO APYCA B MEJIEKECCE 


(IIpedcmageaeno axademukom C. H. Mupcoxoeeim 14 III 1957) 


Ocaaku OalikupcKoro sapyca B Menexecce* Hamerator co cTpaTurpatpuye- 
KMM HeCOrlaCHeM Ha MOpObl MPOTBHHCKOrO TOpH30HTa; HasIMuve MepepbiBa 
3 OCANKOHAKOMJIeCHHH Ha STOM rpaHulle OTpaxKeHO B pa3BHTHH H3BeECTHAKOBbIX 
<OHTJIOMepaTOB MH B CHJIbHOM BTOPHYHOH H3MeHEHHOCTH NOpod BepXHeH uacTH 
IPOTBHHCKOrO YTOPH30HTa. 

MouyHoctb OauikupceKoro sApyca paBHa 45 Mm. JIMTomoruyuecku OH MmpeycTaB- 
te B OCHOBHOM H3BeCTHAKAMH HM NOpasyeseH Ha Ba TOPH30HTA MeCTHOYO 3Ha- 
(CHUA, H3 KOTOPbIX HHXKHUH ABJIACTCA, BAHMO, AHaJIOFOM MOJIOTOBCKOPO rOpH30H- 

‘a, a BepXHHH—noBepelicKoro TopH30HTa OalIKUpcKOro Apyca; ompeyeseHHble 
eCTHbI€ OTJIHUHA B ayHe dopamuHHdep 3aTPyAHAIOT OTORKECTBJeHHE STHX 
NowpasqeseHui C Ha3BaHHbIMH TOPH30HTaMH. 
HwKHHH Tropv30HT OalikupcKoro spyca uMeeT 26 M MOLIHOCTH HM CJIO%KeH 
‘BETJIO-CePbIMH HM Oe/bIMA H3BECTHAKAMM, CpeXM KOTOPbIX pa3z/IMYAIOTCA opra- 
HOPeCHHO-JIETPHTYCOBbIe, OOJIOMOUHbIE H B BHe eAMHHUHbIX MpocoeB — MH- 
<po3epHHCTHle HW OOMTOBbIe. M3BecTHAKH CHJIbHO MepeKPHCTAaIJM30BaHbI, Hepas- 
HOMePHO CTHJIOJIMTH3MPOBaHbl, 3HAYHTEJIbHO OKPeMHEHbI H COepKaT B OTIeJIb- 
1BIX MpOCJIOAX BKJIIOUCHHA KPeMHA HM MHOFOUHCJICEHHbIe HATeKH, NPHMa3KH H 
TOHKHe HelpaBHJIbHble MpOCJOHKH CepOH, 3eIeHOBaTOH, HHOra APKO-3eJIeHOu 
r IMHBI. 

Ilo coctaBy ayHbl cpeqH H3BECTHAKOB IpeoOsaqaiwoT KPHHOHAHO-copaMHHH- 
bepoBble, pexke BCTpeualoTcA OpaxHomoyoBble WH cosepxalllue OCTAaTKH ApyrHx 
rpylm oOpraHH3Mos. 

V3 dopamunudep Mopoybl cofepKaT MHOTOUHCIeHHbIe aPXeMCKYCHI, KJIH- 
MakaMMuHbI, Pseudostaffella antiqua (Dutk.), Bradyina cribrostomata Raus. 
ot Reitl., Millerella aff. umbilicata Kir., Eostaffella postmosquensis Kir. 
A ap. Uacroe HaxoxkeHHe KJIMMakaMMHH UM OpeAMHH NO3BOAeT NpesnosaraTb 
(Ip OTCYTCTBUH Oosmee MOJIOZbIX, MOUBepeHCKUX (POpM), YTO STH OTJIOXKEHHA COOT- 
BETCTBYIOT MOJIOTOBCKOMY TOPH30HTY; HO B HHX He HaOuOaeTCA YacToro NpHcyT- 
oTBMA TICeBAOWITadeA, KOTOPble B MOJIOTOBCKOM TOpH30HTe OOpas yor, Kak IIpa- 
BUJIO, OCHOBHOH (pou B cbayHe PopaMuHHep; 3ech Xe JIMMIb U3PelKa BCTpeyaeTcA 
oHa Pseudostaffella antiqua. C apyroli cropoubl, HasIM4He MHOFOUMCJICHHBIX apxe- 
muckycos (Archaediscus timanicus Reitl., A. postrugosus Reitl.,A. subbaschki- 
ricusReitl.,A. subbaschkiricus var. grandis Reitl., A. karreriformis Reitl. u ap.) 
MpHaeT 9TOMY KOMIVJIEKCY HeKOTOPOe CXOJCTBO C KOMMMIeKCOM dopamuHudep 
KPACHOMOJIAHCKOFO FOPH30HTA, JIA KOTOPOrO OObIYHO MaCCOBOe PasBUTHe apxe- 
muckycos. Ho OTHeCTH 3TOT KOMIVI€KC K KPaCHOMOJIAHCKOMY BPeMeHH He M03BO- 
Met mpucytcrBve B Hem Pseudostaffella antiqua. Bee sru MecTHble OcoOeHHOCTH 
3ATPYMHAIOT COMOCTABJeHHe TaHHOrO KOMIIIeKCa C H3BeECTHBIMU JO CHX TOP KOM- 


* PopamunndepHl oOpadatsipana MH. UW. Tlanmatcxas, 6paxunogp C. B. Cemuxatopa; AHTO- 
loruyeckoe omucaHve mopog Bena JI. M, Enuna. 
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muiekcamu (bopamuHHdep OawkupcKoro spyca. Bce xe, NO-BHAMMOMy, ero cre 
qlyeT MpHpaBHuBaTb K KOMIIJIEKCY MOJIOTOBCKOFO FOpH30HTA. 
Bepxuaa uacTb Oallikupckoro spyca, MOLHOcTbIO 19 M, nuronorHueck) 
noypa3qeiserca Ha Be nayku. HwxHaA M3 HUX CiaraeTCH H3BeECTHAKAMHE 
OUeCHb CXOJHBIMH C TOJIbKO UTO ONMMCAHHbIMH H3BECTHAKAMH HHXKHeH wacTH Apycey 
Ouu 2KeJITOBAaTbIe H Oesible, OPraHOreHHO-eTPHTYCOBbIe HW OOJIOMOUHBIe, CHIH 
H3MEHEHHbIC, MePpeCKPHCTAaJJIM30BaHHble HM CTHJIOJMTH3HPOBaHHble, YacTO NOPE, 
cTbIe, C IIPHMa3KaMU TJIMH M MpOCJIOAMH MHKPO3ePHHCTHIX H3BeECTHAKOB. Bepx\e’ 
HAA, HEOOIbINAA MO MOLLHOCTH, Nauka MpejcTaBJlaeT uepeqOBaHve OpraHoreri 
HbIX H MAKPO3ePHUCTHIX PIMHHCTbIX H3BECTHAKOB, MepresieH H rIMH; B OCHOBaHH 
39TOH MayKH MpocsoH TiayKOHHTOBOTO aJleBPOJIMTA. , 
Ilo dayne dopamunudep BepXHAA yacTb OallikupcKoro Apyca Tak2xKe pa3sOue: 
BaeTCA Ha [Ba NOLpasqeeHua, HO rpaHulla MexKLy HAM He COBNaaeT C TpaHnllekr 
M@Xy OMMCAHHbIMH BbILWe JBYMA JIMTOMOPMYeCKMMH MaukaMH, a NpOXOUT BHYTpHy 
HWKHeH H3 HAX. OTa rpaHulla OTBeUaeT CMEHE JBYX Pa3HbIX KOMIVI€KCOB (op 
mMunndep. Hwxunii 43 HUX COJepKHT MepBbIX B JaHHOM Paspe3e CeEMHHOBEJE 
MUJJlepe, WyOepTes, YaCTHIX 2OLITapeI H apxXefHCKycoB BMecTe c Ozawaily 
nella pararhomboidalis Man.; s3yecb serpeyenb: Bradyina cribrostomat i 
Raus. et Reitl., Eostaffella varvariensis Brazhn. et Pot., Eostaffella acut! 
Grozd. et Leb., Eost. exilis Grozd. et Leb., Seminovella elegantula RausJi& 
Millerella umbilicata Kir., Schubertella sp.; cpequ apxeguckycos 3ecb mpowr 
JOJKalOT BCTpeyaTbca CPOPMbI, OTMEYCHHbIe B HW2KEe*KAUUX COAX, H NOABIAETR 
ca BHOBb Archaediscus convexus Grozd. et Leb. fl 
SToT KoMiseKc (hOpM cCOJepxKUTCA B JeCHTHMeETPOBOM HHTepBase paspesas’ 
Bpilue MOABJIAIOTCA NepBble B JaHHOM pa3pese Mpody3yJIHHEJbI, AbIOTOBeJIEN 
WM Bepeibl. K THMMYHBIM JIA 3TOTO BTOPOTO KOMIIeKCa (POPMaM OTHOCATCA 
Profusulinella primitiva Sosn., Pr. bona Grozd. et Leb., Verella aff. spicati 
Dalm., V. varsonofievae Dalm.; kpome Toro, 3ecb BcTpeyeHb! Parastaffellis 
sp. (mHoro), P. moelleri Ozawa, Profusulinella parva Lee et Chen., Schubertellz} 


nceploutappei Wu o3aBatHem (Ozawainella ex gr. pararhomboidalis Man. | 
Oz. cf. birinae Raus. et Dalm., Pseudostaffella paracompressa Saf., Ps. com 
pressa (Raus.) u Jp.). i 

CpaBHeHHe 93THX KOMIMJI€KCOB C TeMH, KOTOPbIe€ H3BeCTHbI H3 OTJeJIbHBIX) 
TOPH3OHTOB OalliKUpcKOrO Apyca Apyrux PaHOHOB, MOKa3bIBaeT, YTO OHH OOHa-h 
Py2KUBaloT OMpefeeHHoe cBoeo6pasuve. Tlepppie wy6epTenmbl nNoABssaroTCsih 


O6bIUHO mpemmectByloT. [Ipodpy3yHHesJbI, MOABIAIOWNMeCA B H3YYCHHBIX JIC\ 
cHxX nop palonax Ypasa, Jloneykoro Oacceliva u Kpacuoii Tlonanp B O2HMXIE 
COAX C NepBbIMH WyOepTeaMH HW paHbule, vem Ozawainella pararhom-[t 
boidalis, B MeneKkecce BcTpeyeHbI TOJIbKO B CaMOM Bepxy paspe3a OallikupcKorcp 
apyca, BMecTe C MepBbIMH aJIbIOTOBeaMH MW BepewiaMH. i] 

Take YKIOHeHHA OT NOpsAAKa BePTHKabHOFO pacnpeseeHuA BHOB HU po-l) 
oB (opamuHudep HW CBASAHHbIe C STHM MECTHbIe OTIMUMA B CocTaBe KOMMue-[i 
KCOB, XapaKTePH3YIOUMX TOPH3OHTbI, HECOMHEHHO YKa3bIBalOT Ha ocobeHHOCTHE 
B YCOBHAX CyllecTBOBaHUA (payHbI B MewekeccKoM yuactKe OalllkUpcKux 6ac- fi 
CeHHOB HJIH Ha CBoeoOOpasve yclOBHH pacnpocTpaHeHus (bayHbi B STOT yuacTOK.p 

IIpuBeqeHHble OTJIMUHA B COCTABe KOMIIJICKCOB (bayHbl 3aTpyQHAIOT UX ComO-| 
cTaBleHHe. Bce xe, NO-BHAMMOMYy, CaMblIli BepXHHl M3 OXapaKTepH3OBaHHbIX |p 
BbILIe KOMIJICKCOB MOXKHO COMOCTaBHTb — MO NepBOMY MOABJICHHIO aJIbIOTOBeJJI| 
M BepedI — C BepXHel YaCTbIO MOABepelickOro TOPU3OHTA; KOMMVIeKC, CoLeprxa-} 
wuH Ozawainella pararhomboidalis, nepspie iyOepTesbI, C€EMHHOBEJJIbI | 
MHJJlepesJIbl, OTBeUAeT, TO HalleMy MHeHHIO, HWXKHeH yacTH NoyBepelicxorok 
POpH30HTa B e€fO NepBOHAvaJIbHOM MIOHHMAaHHH WIM HeZaBHO BbIJeeHHOMY i 
I. JJ. Kupeesot ropusonty c Ozawainella pararhomboidalis. Tor (baxr, uTO! 
3[eCb BMepBble MOABIAIOTCA WyOepTebl, HAO OOBACHATH 3aflepxKKOl B UXh 
MpOHHKHOBeHHH B aHHbI yuacTok Oaccelina. Kommuekc, cofep2kalunii MHoro- 
YHCJICHHbI€ KJIMMaKaMMHHBI, OpeqHHHbI, apxequckycbl BMecte c Pseudostaffella 
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mtiqua, OTBe¥YaeT, NO-BHJMMOMY, MOJIOTORCKOMY TOpH3OHTY. 

Takum OOpasom, B Meviekecce, BHAHMO, MPHCyTCTBYyeT TOJIbKO BepXHAA T10- 
JOBHHA OTJO*%KeHHK OalliKUpcKOrO Apyca, a erO HH2KHHE TOPH3OHTbI — KPacHO- 
JOJIAHCKHM HW CeBepOKeJIBTMeEHCKHH — 3flecb BbINalaloT H3 pa3spesa. I]pu sTom 
HepXHHH TOPH3OHT Apyca pa3BUT TYT MOJIHOCTHIO, Ha YTO yKa3biBaeT HaMUHe 
jioeB C TepBbIMH AJIbIOTOBENaMH M BepesaMM; CJeLOBAaTEIbHO, B Mesiexecce 
He HaOvlOJaeTcaA NepepbiBa MexKYy OalliKHPCKMMH UH BepeHCKHMH OTJIOXKCHHAMH. 
| I[pHOnusutTeibHO TOT %Ke cTpaTHrpaduyeckuli OObeM MMeIOT OTVIOXKeHHA 
falIKHpCKOorO sApyca MW B OMxKalwelh K Mesexeccy Ha mpapobepexbe Bourn 
| JibAHOBCKOM ONOPHOH CKBaxKHHe (OXOTHHYbA), HO MOLLHOCTbh UX 3fecb BCero 
bo M; elie MeHbIWe HX MOUWHOCTb Jabue K 3anaqy —B IIpyyax (12 m). K Bo- 
iToKy oT Mesiexecca, Ha TatapcKom cpBojge, B Illyrypose, 6amKupcKui sapyc 
inpencraBsex, NO-BHMMOMY, OJHUM TOJIbKO MOJIOTOECKHM TOPH30HTOM MH UMeeT 
OULHOCTb Bcero 11 M. OTH cooTHOIMeHHA OTPaxKaioT BIMAHME CYLLeCTBOBABIHX, 
PYEBH AHO, B KapOoHe KPYNHbIX NOJHATHH, KOTOPble B COBPeCMe€HHOM TEKTOHH- 
HECKOM IlJlaHe MPpHOMH3HTEIbHO OTBeyalIOT TOKMOBCKOMY CBOMY HM }Oro-BOCcTOY- 
ou uacru Tatapcxoro cgBoza. Tlonoca, mexkalllan K CeBepy, 3anayly vu 1oro-3analy 
T 9TOrO NocweqHero, NosyunBuiaa oT B. M. Tlo3Hepa Ha3BaHue Kamcxo-Ku- 
H€IbCKOH BNaHHbI, NpelcTaB/lada B HH2XKHeEM KapOoHe OOacTb HHTeHCHBHOFO 
HOrpy2XeHHA C HaKOMJICHHeM MOILHbIX TOL ocaqkop. B nepBylo NOOBMHY 
ppeqHero KapOona, B OallikKHpcKHH BeK, NOrpy2keHve YTOH Nosocbl SLO cna6ee, 
4O BCe ellie MpeBbIlaIO NO HHTCHCHBHOCTH MOorpy2xkeHHe COCeHUX TeppHTOpHH. 
> HacTYMJIeHHeM MOCKOBCKOrO BeKa TeHJCHUMA 39TOH NMOOCbI K YCHJIEHHOMY 
TporuOanmio ocjaOeBaeT, H YCJIOBHA o6pasonannsl ocafKOB Ha muomlagqu Bowro- 
PasibcKOH COmacTH B 3HaYHTeJIbHOM CTeMeHH BbIPAaBHHBAaIoTCA. 


Bcecow3Hbllt HayuwHO-NCCeLOBaTebCKHH Tocrymusio 
reouOropasBeOuHbl HeTAHOH HHCTHTYT 14 III 1957 
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Jloxnaygn Akagemun nwayk CCCP 
1955. Tom 118, Ne 2 


®. A. WTEPBAKOB 


HEKOTOPBIE YCJIOBHA KOHWEHTPAWHH TS)KEJIbIX MUHEPAJIORY 
B MNIPABPE)KHbIX MOPCKHX HAHOCAX , 


(ITpedcmaéaeno axademuxom J. H. Mlep6axoeom 6 IV 1957) 


Ucceqopanve MMHepasioruyeckoro cocTaBa IIpHOpexKHbIX HaHOCOB BAOJIM 
G6eperos AHabipckoro 3auBa (BepHHroBo Mope), MpoBeseHHoe B JaOopaTOpHky: 
MopcKHx Geperop VMuctutyta oxeaHonormu AH CCCP, no3Bomuio cenatiy 
HeKOTOpble BbIBOAbI O pacnpeleJIeHHH OTJeIbHbIX MHHepaJIOB B HaHocax. OJHHN)) 
3 BaXKHbIX pe3yJIbTAaTOB STOFO UCCIeOBaHHA ABMJIOCb OOHaPpy*KeHHe B NpHOpex 
HbIX HaHOCaX KOHICHTPallWH TAXKeJIbIX MHHEPaJOB, a Take YCTaHOBJIeHHES 
CBA3H 3THX KOHILCHTpallu c yyacTKaMH Oepera, XapaKTepH3y!OUlMMHCA ONp 
JeeHHbIMH YepTaMH JHHaMHKH. i 

MuuepasioruyeckoMy aHaJIW3y B HMMepCHOHHBIX %KHAKOCTAX NosBepramackey 
dpakuua HaHocoB 0,1—0,05 MM, B3ATbIX C OMpeeJIeHHbIX TIYOHH (NOpAaKel 
2—5 mo). Oto obecneywMBaeT CPaBHHMOCTh Pe3YJIbTATOB aHaJIH3a, TaK KaK MHHefi 
pasoruyeckuli CocTaB HaHOCOB MeHAeTCH B 3ABHCHMOCTH OT PIYOHHBI HM pembedis: 
qua (7). IIpo6bl, B3aTble CMUIKOM O1H3KO K Oepery, MOryT OKa3aTbCs B 30H¢)) 
cayuaHHOrO eCTeCTBeHHOrO IWJIHXOBaHHA, MpOwcxoAamlero Ha misaxKe. Cocratl 
NpeoOlaqaouleh (pakWHH HaHocoB (rlaBHbIM OOpasom 0,25—0,1 mm) npHHH| 
TIMaJIbHO OT Hee He OTMHYaeTCA, HO MeHee pa3sHooOpa3eH. 

Yka3aHHaa BbIlue PpaKUNA NosBepralach paseleHHIO Ha TAKEO M Jer-jh 
Ky!O NokppakuHH B Opomodopme (yeibHEIH Bec 2,9). Ilo, Mukpockonom uch 
CleOBalach TAxKeNaA PpakUHA, OOJaqaoulad HawOoulee pasHOOOpa3sHbIM KOM-() 
TWIEKCOM MHHepalos. Bo BCeM HCCJIeqOBaHHOM paloHe OOHapyxeH eMHBIii} 
KOMIWIe€KC MHHepasioB, Cofepxauljui B ceOe: 1) BEIBeTpembIe H Hempo3spauHbtel 
HepyfHble MMHepasbl, 2) pyuble HempospayHble MHHepawpl, 3) MIM POKCeHEI , | 
4) porospyio oOMaHKy KOpHuHeByt0, 5) poroByi0 OOmaHKy 3e/eHyi0, 6) 3mHJOT,) 
7) mupkon, 8) amarut, 9) rpanat, 10) xmoput, 11) ccbex, 12) pyrun, 13) cua-f 
siMMaHuT, 14) wousuT, 15) craBpomnt, 16) aekoKceH, 17) 6uorut, 18) qucTeH.# 
Han6oulee pacnpocrpaHeHHbIMH MHHepadlaMH ABJIAIOTCA PYHbIe, MApOKCeHbil! 
M poroBble OOMAHKH, a B HeKOTOPbIX ClyuaiX WH 9NMOT. XapakTepHo oTcyt- 


CTBHe MOUTH BO BCexX OOpa3ilax MUHepasoB MeTamop(buyecKux Mopoy. B HaHocax( 


ni 
cojlep2KaHve TsKeOH (pakuuu cocTaBseT oT 9 Wo 20%, a B OTICMbHBIX cry-fh 
uaix 0 48% (cpenuee coxepxanve 14,5%). Enuucrso muHepasoruyeckoro 
KOMIWJI€KCa, ero COCTaB M BbICOKOe COAep2KaHHe TAXKEIbIX MHHEPaJIOB CBASAHBI,| 
HeECOMHCHHO, C MOBCeEMeECTHBIM Pa3BHTHeM B STOM palione adty3HBHbIX nopoy, 
OM3KOrO cocTaBa (CpeMHHX H OCHOBHBIX). + 

BpllO HaliqeHO HECKOJIbKO yuacTKOB Oepera C pe3KO MOBBIIIeHHBIM Coxepxa-p 
HHeM B HaHOCaX 0COOO TAXKEJIIX MHHEPaJIOB C YeJIbHBIM BeCOM Goslee 4 r/cm*up-| 
KOHa H pyHbIX. [Ip 9ToM OOmlee coxepxKaHHe TAKeTOH bpakuMH B HaHOcax 
3auacTy1O He TOJIbKO He yBeJIMYMBaeTCA, HO WaxKe YMeHbillaeTcsA NO CpaBHeHHio} 
c coceqHuMN yuacTKamu. KonteHTpupyiorcs, TakKuM O6pa3s0M, MUHepasibI BEICO-} 
Koro yeJIbHOrTO Beca 3a C¥UeT YMCHbUICHHA COJepKaHHA OTHOCHTeEIbHO Goseel 
Jlerkux. AOcou0THbIe 8HaYeHHA COLep KAHUNA PYMHbIX MAHepasoB ZocTurarwT 40—| 
58%, a wHpkona 10—15%. 
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Hakonenue TAXKEIBIX MHHEPaOB B MpPHOperKHEIX HaHOCaX HeNb3A OODAC- 
Tb JOKaJIbHOM KOHIeHTpaliveli UX B 30HE MA2Ka (eCTeCTBeHHOe LINMXOBaHHe), 
fK Kak OOpasi{bl HAHOCOB B3ATHI C ryOuH He MeHee 2 m. Ilopogpt Gepera, mpe- 
faBJICHHble osdPy3HBaMu, HU 
BASAHHbIe C HHMH YeTBepTHy- 
ple OTIIOXKEHHA He MOFYT cuLy- 
MTb HCTOUHHKOM MaTepnaua, 

praToro WHpKOHOM. SOTO NoL- Zp 
BepxaeT MMHepamoruyeckui ._/ Sut 
aIM3 HeKOTOPHIX OO6pa3iioB 
PTBEPTHUYHBIX OTJIOXKCHHH, KO- 

PpbIt MOKa3aJI BbICOKOe Coep- 

jaHHe MMpOKCeHOB H porogBoli 

)MAHKH IPH OYeHb MaJIOM CO- 

ppxKaHHu WApKoua. 

TloppimieHHoe  cojlep»xaHue 

WOKEJIBIX MUHepaJioB HaGwoja- 

DCb HAMM Y pa3MMYHBIX aK- G8 6 akm | ox 
MYJIATHBHBIX OPM: KOCHI 

emis Teka (puc. 1), Kocpr Puc. 1. Pacnpezenenue pyqnnix munepanop M WMpKoHa B 
eckaa Koutka (puc. 2), ne- HaHocax Blob Koch! Semana Teka um mpumeratonjero 
( 

] 


PcbINH JlaryHbl Y9ubKallb U ARS sie Ae 
| Oapa Meeuxeu (puce. 3). Ilo ee 
pHHbIM A. C. Monuua, xapaktTepHot ueptor Koc Semana Texa u Pyccxaa Kouxa, 


| 
Tak2Ke Mepecbilmw JIaryHbi Y9IbKalb ABIACTCA PaSMbBIB HX AKKYMYJIATHBHBIX 


Koca Semna lexa 


7 


Pydnole 


ie 


Llupkor 


Puc. 2. Pacnpeyenenue pyHbIX MHHepaJlOB M WMpKOHAa B HaHOCaX BAOb 
Koc! Pyccxan Kouika 


qt. O6 9TOM TOBOPAT He TOKO YCTYMbI PasMbIBa, HO HM 3HAYMTeIbHO MCHbINaA 
MpWHa UX CpeMHHX HM MpPHKOPHeBbIX yacTell MO CpaBHeHHI0 C JHCTaJIbHbIMU 
buuamu. KoneHTpalluu TaAxKesIbIX MHHepaJlOB MpHypOueHbl K Pa3MbIBaeMbIM 
[KYMYJISATHBHBIM (pOpMaM, YTO OCOOeHHO YeETKO MPOABMAeTCA Y KOCHI Pycckas 
purka (puc. 2). Sfecb KOHIeHTpalluA YNOMAHYTHIX TH2KEMbIX MHHEPaJOB Npo- 
XOMUT y Cpesuel, caMOl y3KOH H ABHO Ppa3MbIBaeMOH YaCTH KOCHI, B TO BpeMaA 
IK y JucTambHOH HM MpukopHeBor yacTeli KOJIMUeCTBO HX 3HAUHTeJIbHO HExKe. 
konsmeHve 0co6O TAXKeILIX MHHEpasoB Ha YUaCTKaX PasMbIBa AaKKYMYJIATHB- 
IX (OPM MOXKHO OOSACHUTh TeM, YTO B. MepBy!0 O4epeAb OTCIONAa BbIMbIBalOTCA 
HOCHTeJIbHO JlerKHe UaACTHIbI; Gouee 2Ke TAKEeMbIe HaKaIMBalOTCH B HaHOCaXx. 
Vnpimu upwunnamMu OObACHHeTCA KOHILeHTpallua 0cO060 TAXKEIbIX MUHEPaJIOB 
Hanocax Oapa Meeukex (pu. 3). 3qecb MOBbIWMeHHe CoepKaHHA PYAHbIX MHHC- 
JOB HM IHpKOHa OTMeYaeTCA Ha KOHIAX 6apa. B HacTosllee BpeMA o6a KoHILa 
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6apa yQIMHAIOTCA HM M30rHyTbI B CTOpOHy cyluM. OHM rpaHuyaT C Ppe3KHM CBi) 
Jiom raiyOun (10—20 m) u uMeloT MHOrO ApyrHxX MpH3HaKOB HapacTaliowiAx KOI 
Kak W3BeCTHO, BJOMbOeperoBoe MepeMelleHHe HaHOCOB MpoucxoAMT Mog elie’ 
BHeM BOJIH HW TeyeHuH. I[pu usru6e OeperoBol JIMHMM OT MOPA, KPYNHbIe WIM TS) 


0 4 8 f2km | ax 
ae 


Puc. 3. PacnpeyemeHuve pyAHbIX MHHepasoB HW WupkoHa B HaHOCcaX Bob Gapa Meeuken ‘|6 
l 
*KeJIbIC UACTHIbI, TepeMelllaemble BOJIHAMH, NPOAOMKalOT TBWXKeHHe BONb’ Oe 
pera. UacTHlbl %Ke OTHOCHTeEIbHO MeHee KPYIIHble HIM Ooslee JerkKHe NOLXB EY 
TbIBaIOTCA CTpyeli TeveHHA HU, CleyA MO MpexkKHeMY HaNpaBJeHHIO, YHOCATCR 
TakHM OOpa3oM OT Oepera Ha rulyOuHy. IIpoucxoquT cemekua MaTepvasa IB 
ero ru{paBauyeckoH KpynHocTnH. IIpu stom, Tak »%e KaK H pH pa3sMplBe Oeperie 
6ouee TAKEeIbIC YACTHIUbI HaKalJIMBaloTCA B TpHOpexHOH 30He. | 
Ha OcHOBaHHHM M3JIOX%KCHHOrO MOXKHO CPOPMYyJIMpOBaTb CJleyroulee OOML 
MOIOKeHHe: KOHLEHTPalUA OCO6O TAXKEMLIX MHHEPAaJIOB B MpHOpexHbIX HAHOCE 
MIPOHCXOJMT B TeX MeCTAaX, Fe BOSMOXKHbI MpOUecch! CeeKIMH MaTepHasa If 


rHApaBsMyecKOli KPYMHOCTH, OOyC/IOBJeHHBIe ONpeyeseHHbIMH YepTaMH JMH! 
MUKH Oepera. 


VWuctTutyT okeaHomoruy Tlocrymuso 
Axkaylemuu Hayk CCCP 2 IV 1957 


UWHMTHPOBAHHAS JIMTEPATYPA 


1B. TM. 3exkosuy4, Tp. Muct. oxeanon. AH CCCP, 21, 133 (1957). *# E. H. Hf 
pecckKuu, Tp. Uucr. oxeaHon. AH CCCP, 6, 99 (1951). 
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Jloxnagn Akagemun nayk CCCP 
1958. Tom 118, Ne 2 


rEOOrHA 


B. HW. APKHH 


AHAJIOPH KAHEBCKOrO APYCA YKPAMHbI B PAMOHAX 
OBWErO CbIPTA 


(Mpedcmaeaexo axademuxom J. B. Hanuexunoim 25 LI 1957) 


Marepuasiom [Id HacTOAero COOOMLeHHA ABTOPY NocsyxHIM COopb! PayHbl 
OJIOCKOB B paloHax, MpMJleraioulux kK yyacTKy OpeHOyprckol x. A. MEK 
T. cT. OsuuHku uw Llunospo, a Takxke MNawleOHTOJOrMueCKHe KOJJIEKHMH 
_ A. )Kyreepa, co6paHHbie B 3THX 2%e MeCTAaX. 

@MayHa MOJINIOCKOB MPOMCXOAUT M3 KBaPUHTOBHHbIX MeCYaHHKOB, COCTaB- 
AIOWUX HEBbIepXKaHHble MPOCJOH B TOJLMLe pasHOZePHUCTHIX KBaPIeBbIX TMec- 
KOB, KOTOPble B HCCJIGMOBAaHHOM paloHe TpaHCrpecCHBHO 3aJleraloT Ha Pa3Mbi- 
TO MOBePpXHOCTH ONMOK CbI3paHcKorO spyca™*. 

Mcxoia 43 aHawloruu MasieoreHoBblx pa3pe30B [lopomxKba nu OOmero Cpripta 
c. C. Heycrpyes u A. JI. Apxanrenpcxuii (*) mpi K, BIBOAY O MpHHayex- 
a MeC¥UaHBIX COeB PaloHa CT. O3HHKM CapaTOBCKOMY Apycy. OSTOMY BbIBOLY 
ie MIpOTHBOpeyHJIM HM Te HEMHOPOUMCJICHHbIe ONpeeeHHA (PayHbI MOVJIJOCKOB, 
KoTOpble Opiwiu cheap A. JI. Apxanrenpcxum (‘). 
 B pes3ysbtate 3THX HCCeOBaHH B reOJIOTMYeCKOH JIMTepaType YKPeNHOCb 
MHEHHE O MaJIeOWe€HOBOM BO3pacTe ITHX OOpa3s0BaHHH HW TOKJECTBCHHOCTH CO- 

epxKalllelica B HHX *ayHbl KOMMVI€KCY HCKOMNAeMbIX MOJIVJIIOCKOB_CapaTOBCKOrO 

pyca IlopommKpa. 

B nocsequue romp C. A. Kytees (°,°) mpuien K BbIBOLY O cpeqHe30leHOBOM 
O3pacTe MHTepecyroulMx Hac oTMOxKeHHH. Ilo ero MHeHHIO, OHH ABJIAIOTCA 
alMaIbHbIMH aHaslOraMH MeCuaHO-IJIMHHCTHIX OTJIOMKeHHH, Pa3BHTLIX BOCTOU- 
ee peku Ypauia (6accelin pp. ComsuKu u Yusia, noOepexbe 03. UenKap), B KO- 

TOPbIX HEOJHOKPATHO OTMEeYAJIMCb HAXOJKHM CpeMHE3SOMeCHOBbIX HYMMYJIHTOB (°°), 
 PasiWuHble B3PIAfbl Ha BOSPaCT NecuaHbIX OTIOMKeHHH paliona cT. OsuHKu 

IIunopo, 3acTaBHsIM 3aHOBO TepecMOTPeTb OMpeseieHuA CPayHbl W MOJIMIOCKOB 

3 9TMX cloeB, cfemanupre A. JI. ApxanrembcKuM. 
B pesysbTaTe onpefleseHHi dayHbl MOJIJNOCKOB H3 KBapIMTOBHAHbIX mMec- 
aHHKOB Moyuen clekyroulM dbayHucTuyueckul Kommusekc: Nuculana sp., Nu- 
ula bowerbanki Sow., Phacoides uncinatus Defr., Ph. cf. giganteus Desh.., 
hacoides sp., Thyasira ex gr. brongniarti Defr., Tellina donacialis Lamk.., 
. pseudodonacialis d’Orb., T. hibrida Desh., T. cf. ovata Sow., Gari rude 
Lamk., G. (Psammocola) debilis Desh. var. uralicus var. nova., G. elegans 
p. nova., Nemocardium aff. edwardsi Desh., ‘N. edwardsi Desh., N. ex gr. 
semistratum Desh., Nemocardium sp. Crassatella thallavignesi Desh., Pitar 
uberycinoides Desh., P. ex gr. sulcataria Desh., P. aff. ambiqua Desh., Arca _ 
sp., Pectunculus volgodonicus Zub., P. ex gr. pulvinata Lamk., Pteria media 
ee Chlamysarmaschewskii Zub.,Ostrea ex gr. Bellovacina Lamk., Ostrea sp., 

odiola sp., Thracia edwardsi Desh., Lyonsia leonovi Murom., Panope inter- 
media Sow., Panope sp., Cyrtodaria (?) eocenica sp. nova, Corbula cf. galiculla 
Desh., Aporrhais sowerby Mant. var. korobkovi Murom., Natica sp., Pleu- 
rotoma sp., Fusus sp., Strepsidura sp., Criptoconus lioncolatus Desh., Ca- 
lyptraca sp. 

Tipupeyennpii BbIlle KOMMIeKcC pe3sKO OTIM¥aeTCH OT KOMMIeKca MCKONae- 

MbIX MOJIJIOCKOB CapaToBcKoro apyca Tosomx«a (1,°). to ormmuMe 3aKmouaer- 


* TpancrpeccuBHOCTb 3aleraHua 2THX OOpas0BaHHi JO HaliNxX paOoT Oblia ycTaHoBseHa 
Cc. A. )KyTeepbm. ; 
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Ca B OTCYTCTBHM TaKMX IMpOKOpacMpocTpaHeHHBIX TeMMOMOOMBEIX MpencT | 
BuTeel MaseoweHoBoi daynst Flopomx«Kbsa, Kak Cucullea, kpynurx Crassatell 
Cardita, Turritella, Volutilites, Actaeon u mHorue ~pyrue. Ilpu cpaBnenre 
BUOBOrO cocTaBa 3THX ayy OOULMMM ABJAIOTCA AMuIb Nucula afl. bowerban fy 
Sow., Telliina donacialis Lamk., T. pseudodonacialis d’Orb., Nemocardiu} 
edwardsi Desh. 

B To *e Bpe€MA KOMMIe€KC HCKOMACMbIX MOJIIOCKOB MeC¥aHblX CJIOeB HCCI PE 
WOBaHHOTO pationa OOHapyXMBaeT HCKJIOUNTEIbHY1O OJIM30CTb C ayHHcTHuy 
CKMM KOMIIJICEKCOM KaHeBCKOrO Apyca YKpaHHbl, OCOOeHHO C ChayHOH, MPOUCXip 
Wawel M3 KAHeBCKUX OTMO*KenuA Oaccettua p. Jecubl (3). Ora OM3OCTb 3aKJIk 
yaeTCA Kak B HaJIM4MH OObUOTO UHCIa OOULHX BHOB, TaK HB OOUIeEM Oovlee xip 
JIOMHOJOOKBOM MO CpaBHeHHIO C MaJleOWeHOBbIM KOMIIJICKCOM OOHKe (ayHEly 

Bcero u3 mecuaHbIx coeB paliona ct. OsnuKku u Ulunoso Oni onpeseues 
yo Bua 31 Monmock. V3 Hux OOMIMMH C (ayHOH KaHeBCKOTO Apyca OKa3zasHe 
22 opp! *. 

Oco6eHHO XapaKTepHb! Id KaneBckoro sapyca: Chlamys armashewskip 
Zub., Lyonsia leonowi Murom., Pteria media Sow., Pectuneulus volgodonictf 
Zub., Aporrhais sowerby Mant. var korobcovi Murom. u gp. 

YcraHoOBJeHHe HUKHEZOLNeHOBOTO BO3pacTa MeCuUaHbIX OTIOREHUH NOSBOM AC 
I10-HOBOMY MOMOWTH K BOMpocy CONOCTaBJIEHHA MX C COOTBETCTBYIOLNIUMH OOpi 
30Banuamu [lopomxKpa. A HMeHHO, BO3PaCTHbIMH aHaJIOTaMM MecuaHbixX OTJIGe 
*KeHH OSurero Cripra, CoJlep2KalluX MpPHBeeHHEI BbILe KOMMVIeKC MOJIJIOCKOMe 
cmelyeT CUUTaTb NOpPOAb MmposekcKoH MU WapuWMHCKOW CBHT. 

Jlo HeaBHero BpeMeHH (payHHCTHYeCKH OXapaKTepH30BaHHble HUKHE 
30ICHOBbIe OTIOXKEHHA B Mpesetax PycckoH nmaTPOpMbI H3BeCTHBI ObIIM TOJIbKIE 
Ha Ykpanue (KaHeBcKul aApyc). B 1956 r. M. E. 3y6kopnuem (7) 6blm + usyuely 
HV KHeSOUCHOBLIN KOMIWICKC WCKONAe€MbIX MOJIJIIOCKOB WapHUMHCKOM CBUTE 
Hososmxpa. YcraHoBeHHe HHXKHEIOWEHOBHIX OOPa30BaHHH B Mmpesqenax O6uer {ti 
Cpipta M UX cbayHHcTHYecKOH XapaKTepHCTHKH MONOJHAeT HallH cBeJeHHIE 
06 OCHOBHBIX YepTax HMKHeZ0IeHOBOrO GOaccelina H MCTOPHH YTeowOrMyuecKor 
pasBuTua PycckoH luaTdopMbl B MavleoreHOBOe BpeMs. 

B HacTosxulee BPCMA MOABHJIACb BO3MO2XXHOCTb TOBOPUTb O Goslee WIMpOKOle 
HM KHeES0NeHOBOH TpaHcrpeccuu, oxBaTuBlwel Bcio YKpanuy, Huxuee Tlosow 
*Kbe WH paclpocTpanuBllleeca Jaslee Ha BOCTOK B Mpesembl OOusero Cpipta, oud 
BHHO BOTs Jo MyrofKap. Tpaucrpeccuw mpefulecTBOBasl 3HaUHTe/IbHbI} 
MepepbIB B OCANKOHAKOIVJICHHH, O UCM TOBOPHT pe3KO TpaHcrpeccHBHOe savleré 
He HWKHeIOMeHOBLIX OOpa3s0BaHHt (KaHeBCKOTO aApyca Ha YkKpavuHe, mposel 
cKkoli cBuTb! B [lopomKbe HM KBaplleBbIX MeCKOB MH NecuaHHKOB Ha O6urem Cpiptelle 
Sta TpaucrpeccuaA MpHHecsa c cOOOH COBepLIeHHO HOBbIi KOMIVJIEKC MOJIJIIOCKOI 
OTIMYINTEMbHOH YepTOH KOTOPOrO ABAeTCA OopeasbHbIli XapakTep ero (cbayHb 

Kak reorpatbuyeckoe pacnpeyeenve ocaqKoB Ha TeppuTopuu PyccKol 
MaTPOpMb, Tak M (bayHa HM KETO ZO0NeHa MOCTATOUHO PeSKO OTJIMYHEI Off 
(bayHMCTHYeCKOTO KOMIWIeKCa HM pacmpeeteHud ocaKOB MasieoleHoBoro Bpéh 
MeHH. 

Tlocmemuee emje pas noduepKHBaeT NMOJIHY!O CAMOCTOATEIbHOCTh Maeouenth 
KaK MOMOTAeNa MayleoreHOBOH CHCTeMBI. 


BeecorosHblii Hay4HO-HCceOBAaTeIbCKHIt Tloctynusto 
reoslOrHuecKHH MHCTHTYT 19TH 1957 


UMTMPOBAHHAS JIMNTEPATYPA 


1A. JW. Apxaunreabcexku ht, Taneonenospie oTm0*KeHHA Caparosckoro IlopomxKpa # 
ux dayna, 1904. 2 M.E.3y6xopu4, JAH, 108, Ne 4 (1956). 3 B.C. My poMmegf 
Astopeepat kanqunatcKon Aucceptaunu, JITY, 1951. *C.C. Heycrpyes,A. J. Ap 
XaHreatbcKH, Exerogu. no reow. u Manepan. Poccuu, 9, s. 1—2 (1907). > A.B. He 
uaes, Tp. O6m. e2recrsoncn. Kasancx. yuus., 32, B. 1 (1897). ®C. A. K yTtees Yo} 
sam. CapaTosck. roc. yHus., 1 (14), cep. reon.-noup., B. 2 (1938). 7C. A. Kyte en, Yu} 
san. JITY, Ne 21, cep. reon.-rou., B. 5, Tp Wuer. 3emu. Kopi (1939). §C. A Ky rt eer| 
JIAH, 90, Ne 1 (1953). °C. A. Ky tees, Becru. JITY, No 1, cep. 6uow., reorp. H reo. (1954) 


* B aro uucno BOWIIM TakKe BUbI, HSBeCTHIe 3 Ila 
WAXCA aHaworaMu KaHeBCcKoro Apyca YxKpanubl. 
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PHUMHCKUX coeB TloposmKba, cuuTak | 


Aoxnays Akagemuu nayrxr CCCP 
1958. Tom 118, Ne 2 


MTIOYBOBEJEHHE 


b. H. MAKAPOB 


- 


3MEHEHWE JibIXAHHSA MOUBbI WH COXEPDKAHHSA YPJIEKMCJIOTbI 
B TIPHS3EMHOM CJIOE BO3YXA B TEYVEHHE CYTOK 


(ITpedcmasaeno axademuxom H. B. Tiopuroim 18 IV 1957) 


| YruekucioTa ABJIAeTCH OJHHUM W3 OCHOBHBIX yCJIOBHH cCO3qaHuA opraHH- 
ecKOM MACCbI Ha 3e€MJI€ H BaxKHbIM (aKTOPOM MOUBOOOPa3s0BaHUA, BAM AIOINYM 
a (PU3MKO-xXuMMYeCKHe MH OMOXHMMYeCKHe Mpowecch nouBbl. Tlocrynenue yruie- 


Ta6Ouauna 1 


CyTOuHbIt XOX bIXAHHA MOUBHI 


| . Yacb na6 miozenutt 


Tlousa Yrogaue 


) 12 


| 6 


8 nwua 


Toppsano- | Tpaspt; Briqenusoch COs, Kr/ra-yac |4,94/10,3/12,2 |14,416,73)7 ,54|6,, 83)6 30 
6ou0THaA Temn. Boszyxa, °C MAAN E22 ley ay ey, | Ii Jakaya) iy? 
Temm. mouBb, °C Nay) U7 eis AO GM Se at Omielton leis 


9 HwOaa 
To »xe Tpassi| Brrgenunocb CO2, Kr/ra-yac |5,32/8, 79/141 ,80|7 ,47/6 ,61/5,36) — | — 
Temn. Bo3nyxa, °C O25 "26 25 | 22 | 417 | — | — 
Temn. mouBb, °C 15 | Miom) 16e e925 or t3 ais 


259 aBpryctTa 


a Tpappi| Briqenuoch COs, Kr/ra-4ac |3,97|5,30| 5,84/5,31|5, 20|3 ,84)4 30) — 
Temm. Bo3sazyxa, °C Alsi SUG 18°) 45 | 14 9} 6] — 
Temm. nmouBpl, °C TZ DS Sere teal eer Sea 
22 HIOHA 
€pHOBO- Tpappr| Brrgqenusocb CO, Kr/ra-yuac |2,83 3,02| 4,49/6 06/4 29} — | — | — 
W30NNCTAaAA Temn. Bo3nyxa, °C 9 | 16 18} 19} 148} —}; —] — 
Temm. nmouBbl, °C 9/410} 142) 42)13 } —| —]| — 
To xe Tap | Betzenunocb CO2, Kr/ra-yac |1,44/1,65) 2,64)2,81]1,61) — | — | — 
Temn. mouBbl, °C 91-43 451417415 | —f —|] — 


19 aBrycta 


Tpapol| Briqesunocb COg, Kr/ra‘yac |4,20)5,91] 5,80)/4,06|4,74] — | — | — 


Temn. Bosgyxa, °C AS 26 27 27-1 25>) = 
Temn. mouBpl, °C dle oP 7 49 | 20 | 20; — | — | — 
_ . Tap | Briqenunocb COs, Kr/ra-yac |2,99]2,98) 3,40)2,55)2,89) — | — } — 
Tem. mouBpl, °C 15/481 20 | 24 | 24; —|}|—|— 


KUCIOTbI B aTMOctbepy M3 MOUBbI HMeeT OombIOe 3HANeHHE B YIVIepOMHOM MHTd) 
Huu pactennit (7,°). Tostomy usyyeHHe pexUMa YIVICKHCJIOTH B mouse 1§ 
B IIPH3eMHOM cjl0e BO3AYXa MpefcTaBAeT He TOJbKO HayUHBIA, HOH mpakThy 
ueckHit mHTepec. Kak nokasaH HCCJeOBaHUA PAA aBTOPOB (1°3,°,1°) w Haug 
(5,8), mpolymupoBanue yrseKHCJOTH TOUBO HM BbIMeMeHHe ee U3 TOMB! B TE) 
yeHHe BereTallMOHHOTO mepHoji 
kefea- wae 3HauMTeIbHO MeHAeTCA B 3aBHCHih, 
MOCTH OT pocTa M pa3BHTHA pacy. 
TeHHH, TeMMepaTyPbI H BMaKHOCT f. 
NOUBBI. | 
B nactosuleH padore MbI MOTB! 
TaJIMCb YCTAHOBHTb CYTOUHbI XO) 
JbIXaHHA MOUBLI! HW U3MeHeCHH 
KOHWeHTpalun CO, B MpH3eMHOl#, 
coe BO3Ayxa. . 
@J[bixanve MOUBbI OMpeseAOc 
metotom 5b. H. Maxaposa (°,°) 
CYULHOCTb KOTOpOrO COCTOHT 
TOM, UTO MOBEPXHOCTb MOYBbI H30 
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Puc. 1. Cytounsiii xoq apIxXaHHuA MOUBEI. Puc. 2. CyTounpiit xox KoHWeHTpaun ie 
I —Topiano-6onoTHpe own 8 VII, COs B MpH3eMHOM Coe BosAyxa. 1 —Top 
2 — Topiano-GonotHpe nouns 9 VII, (paHo-GomoTHEIe Noupnt 8 VII, 2 — Top 
3 — TOpdano-6onoTHEe nousn 25 VIII, (paHo-GomoTHble Noupl 25 VIII, 2 — neph 


4 — JepHoso-nog3oauctsie noun 19 VIII HOBO-MoA30MMcTHIe Nous 18 VIII 


JMpyerca OT OKpyxKatoulero BO3qyXa CTeKJIAHHBIM AILMKOM Oe3 Ha, WH Uh 
Hero yepe3 20 MMH. OTCacbiBaeTca ra30Bad Mpoba yepe3s NOrMOTHTesb Puxtepa 

UccieqoBaHuad npoBoszuancb B 1955 fr. Ha WePHOBO-NOA3ZOMCTHIX CpelHecyr} 
JIMMMCTHIX TOUBax (copxo3 «CrenaHoBckoe», BponuuuKoro paiiona, MocKkoscKo)) 
061.) HOCYIeCHHEIX TOpdaHo-Gom0THEIX MouBax (J[MuTpoBcKHh pation, Mockos} 
cKO o6u.). . 

Ha JepHoOBO-nogx30uIMcTHIX MOUBAX HHTCHCHBHOCTh BbI.eTeHHA CO2 43 NOUBEP 
onpememsasacb Ha mocepe MHOroseTHUX TpaB I] rofxa Nomb30BaHHA HW PAOM Hil 
MapOBOH JeIAHKe; Ha TOPPAHO-OOMOTHBIX NMOUBAX—Ha MOceBe MHOFOJIeTHHX TpaB 
MHTeHCHBHOCTb JbIXaHHA MOUBbI HM COepxaHne COs B MpH3eMHOM CJI0e BOSLYXit 
(Ha paccTrosHuu 25—40 cm OT NOBepXHOCTH MOUBbI) ONpekeATIHCb Yepes Kak IbIh 
3 uaca (B 6,9, 12,15, 18,21,24 u 3 vaca). OtHOBpemeHHO (UKCHpOBaJacb Temnepalé 
Typa Bo3Lyxa H MouBbl. [lopropHocTb ompeyemenuit Ld KaxK oro cpoKa Hadwose} 
HMM Oplia 3-KpaTHasd. Pe3syibTaTbl UCCeAOBAHUH, MpelcTaBJIeHHble B TaOJ. 1 WHE 
Ha pic. 1, MOKa3bIBaOT, YUTO MHTCHCHBHOCTb BbIeseHua COez 43 NOUBHI B TeYeHH | 
CYTOK 3HauHTe/IbHO MeHsAeTCA. B WHeBHbIe Yacbl (C9 Wo 15 ac.) c MOBepxHocTI) 
BbIJeAeTcA B 1,5—2 pa3a Sombie COz, vem B yTPeHHue H BevepHue 4acHl. Mal 
KCMMaJIbHOe BbIeteHHe COz2 Habmoqanocb B 12 u 15 uac. Cnemyer OTMeTUTb, UTI) 
B HOUHbIe YaCbl, HECMOTPA Ha MOHMKEHHbIE TeMMepaTypbl BO3AyXa MW MOUBHI, BbIi 
JleseTca OOuIbINCe KOMHYeCTBO YIJIEKMCJOTHI. 

KpuBble CyTOUHOrO JLIXaHHA NOUBbI COBMaaioT, B OCHOBHOM, C TemMepaTyp| 
HbIMM KPHBbIMM. M3mMeHeHHe HHTEHCHBHOCTH JbIXaHHA NOUBbI B TeYeHHe CYTO! 
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BASAHO MIpeHMYLeCTBeEHHO C H3MeCHEHHEM TeMNepaTypbl BO3LyXa HE MOYUBEI,! YTO 
6 YCJIOBJIMBaeT H3MeHeHHe CU3HKO-XHMHYECKUX HU OuonorMyeckux 1 TIPOLeccoB B 
ouBe M cKopocTu Audpysuu COe u3 MoUBbI B aTMocepy. 

Ha yuacTkax, 3aHATHIX PaCTHTeJIbHOCTHIO, 9TH H3MCHEHHA B CYTOUHOM xoje 
‘bIXAHUA MOUBbI OOYCOBJICHbI TAK2%Ke U H3MCHCHHEM HHTEHCHBHOCTH CpH3HOJIOrH- 
eCKHX MpoleccoB B CaMOM pacTeHUH (B MepBylo O4epesb bIXaHve KOpHel). 
Ha puc. 2 noka3saHo u3MeHeHHe cosepxKaHuA COs B IpH3eMHOM C10e BO3Ayxa 
, TeveHHe cyToK. Kak Ha JepHOBO-NOJ30NMCTHIX, Tak H Ha TOptAHO-OOJIOTHBIX 
(OUBaX B JHeBHbIe uacbl, oT 8—9 yac. npuMepHo Jo 18 yac., HaOsmOfasocb HaH- 
eHbillee cosep2xaHHe COsz (oKos10 0,03 06. %) c MmHuMYyMoM B 12 uac. nH. Tocae 
8 4wac. KOHIeCHTPalHA YIJIeKHCJIOTHI B BO3AyXe pe3KO BO3pacTaeT HW B HOUHbIC 
‘aCbl TOUTH BUBOE MpeBbliiiaeT HOPMaJIbHOe cofep2KaHne ee B BO3Lyxe. [loBpileH- 
oe cosepxaHHe COz B MpH3eMHOM cyIoe BO3Ayxa OcTaeTca flo 6 yac. yrpa. 

IIpumMepHo Takaad %Ke 3aKOHOMePHOCTb B CYTOUHOM xoOjle cofepxaHuA COsz 

Bo3yxe oTMeyeHa B paOoTe (1). 

Mi3meHenve coflepxkaHna COz B MpH3eMHOM cJI0e BO3Lyxa B TeYeHHe CYTOK 
OXKHO OODACHHTb HCXOAA 3 CyYTOUHOFO XOfa CPOTOCHHTe3a HM [bIXaHHA pacTe- 
uu (*). B qHeBHbIe uacbl (OCOHeHHO B NOJYJeHHbIe) pacTeHua B Npolecce POTOCHH- 
re3a MOTPeOIAIOT OobuIOe KOMMYeCTBO COz, a B BeYepHHe HU HOUHDIe YaCbI pacTe- 
IMA TOJIbKO BbIJeJIAIOT ee. 

Pa6Oota BbINOHeHa MO, pyKoBoycTBom akay. VM. B. Tropuua. 


Tlousenupiit uncTtutyT um. B. B. Jloxyuaesa Tlocrynuno 
AxkayzlemHu Hayk CCCP 17 IV 1957 
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AH, 72, Ne 4 (1950). 5B. H. Maxapos, Tlounonenenue, Ne 3 (1952). °B. H. Ma kapos, 
oupopenenue, Ne 2 (1955). PN By H. Maxkapos, TIpupona, Ne 2 (1956). 
Bb. H. Maxapos, Tp. ilous. uucr. um. B. B. Toxyuaena, 49 (1956). *® B.B.ManKe- 
is uu, Tp. Tous. uuct. uM. B. B. Jloxyyaeza, 31 (1950). 1° H. Lundegordh, Der Kreis- 
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Joxnaann Akanqemun nayk CCCP 
1958. Tom 118, Ne 2 


WLHTOJIOLH A 


B. T. KOHAPEB 


PHBOHYKJIEHHOBAS KHCJIOTA 
WH W303JIEKTPHYECKASH TOUKA UWATOMJIASMbI 


(ITpedcmaeaexo axademuxom A. JI. Kypcanoeoim 9 X 1957) 


V30a1ekTpuyeckaa Touka (MOT), onpeszemaemaa Cc MOMOIbIO KHCJIbIX HM OC- 
OBHBIX KpPaCHTeJleH, ABJIACTCA OJHUM H3 CYUIECTBEHHEIX NOKasaTeselt a/1eKTpO- 
KOJWIOHAHbIX CBOHCTB WHTOMIA3MbI, H 3a MOCMeHHe JeCATHJIeTHA OHA JOBOJIbHO 
acTO IIPMBeKalacb JIA WHTOUSHOMOrMYeCKOH XapaKTepHCTHKH OObeKTOB 
3 CBASH C HSYYeCHHeM CaMBIX Pa3JIMUHbIX BONpocoB OuomoruN (1~°). OmHako He- 
MOTPA Ha 3HAYMTeIbHOe KOJIMYeECTBO BECbMa HHTeEPeCHbIX (PaKTOB, NOJYYeHHbIX 
s OTHOIMeHHH H3MeHUMBOCcTH MOT wuTonma3Mbl, MexaHu3M 9TOFO Mpollecca euyse 
#@ PaCKPbIT, H BOSMOXKHOCTH UcHOMb30BaHHA MOT B KauecTBe WHTOdU3sHOIOrU- 
HeCKOTO KPUTepHA NOKa 4TO BeCbMa OrpaHHueubl. Ileppple ycnexu B 3TOM Ha- 
pap JeHun Opi cetaubt B. B. Keqposckun ('°,") u Bpauie (17), pacummdposas- 
UMMM TIpHpony Oa3s0dusHH 2SMOPHOHAbHBIX KeTOK. Kak OKa3asocb, mMocuey- 
iff CBA3AHA C HaJIHUMeM B WHTOMMA8Me CBOOOAHON PHOOHYKCMHOBOH KHCJOTHI 
| PHK). Pa3pyuleHHe ee pHOoHyKJea30H OcmaOAeT UNM NOMHOCTbIO CHUMaeT 
tHOCOOHOCTh WHTONMAa3Mbl aCOpOUpoOBaTb OCHOBHbIe KpacuTeiv. Oro oOG6cTos- 
PeIbCTBO BbISBAIO Y pAJa aBTOPOB MpecTaBseHueo Tom, uTo MOT wutTonsma3mbl 
POYCOBNCHA MCKJNOUMTeIbHO HalMunHem cBoOogzHOo PHK (7°). 

| B cBa3H C 3THM, eCTECTBEHHO, BOS3HHKAIOT BOMPOCbl, MO2KHO JIM OTOXK[ecT- 
BAT Oasocusuio WuTonsa3smpl c MOT, a ciefoBaTebHO, COXpaHHAeT JIM CBOIO 
SHAUMMOCTb JIA WHTOXHMMM U WuTOdu3sHONOTMH ompefeteHue HOT oBombHoO 
“POMO3AKHMUM KpaCOUHbIMH MeTOaMM IPH HaIH4HH TeXHMYeCKH Oowee Mpoctoro 
Merona yueta 6a30dunuu no Bpawe. 

| Bplacnenuio 3THX BOMPOCOB, Ha Halll B3PIAL, JOUKHEI CNOCOOCTBOBaTb MpH- 


Metroguxka. Pacruterbuble TKaHH PUKCHPOBAJIMCh B CIHMPTO-xsOpodop- 
eHHolt cmecu (94 : 4) | "ac, mpoBoqusucb vepe3 aOcOJIOTHLIN CHUPT B KCHVJIOJ 
B TeveHHe 6 uac., 3aIMBasIHCb B MapaduH UM pesamucb Ha MUKpoTOMe. [locue Je- 
MapapuHv3aluu H NpOBOAKU JO BO NOJOBMHAa cpe3soB 2 uaca OOpaOaTbIBaach 
puOonykseasol (1 mr depmeuta B | Ma allerarHoro 6ydepa c pH 6) mpu 37°, 
Upyrad BbiepxKuUBalach B TeX Ke YCIOBUAX, HO Oe3 pHOoHYKJeasbl. CaodoqHaa 
OT mpoTesa puOonyKJea3a Bbiyeianacb no Max-Jlonampzy (3°). 
| B o6pa6oTaHublx H HeoOpaOoTaHHbIxX PHOOHYKseas0H MpenapaTax onpeye- 

anacb MOT wuronmasmbl no omucaHHomy paHee Mertoyy (*). IIpenapatp oxpa- 
UBaJIMCb OCHOBHBIM H KHCJIbIM PyKCHHOM 5—10 MuH., Nocse vero NOMeLLaIHCb 
IA WecopOuuu Kpacutenel Ha 1—3 uaca(B 3aBHCHMOCTH OT OObeKTA) BOyep- 
HbIe pactBoppt Mak-Mnppeitna c pH of 2,270 8,0 u cunTepBasiom 3Hayennii pH 0,2. 
Kucspii cbykcunH roTopusica Ha Oydepe c pH 2,2, ocnopnoli —c pH 5,4. asa 
INOJIYYeHHA OObEKTHBHEIX NOKa3saTeeH ecopOunH KpacHTeeH B 3aBHCHMOCTH 
oT pH cpempt oKkasaica yoOubim Mukpodotometp M®-3. PesybTaTbl BbIparKa- 

Cb KPHBbIMH HHTCHCHBHOCTH OKpacKH Mpu pa3sMuHbIxX pH pacTBopos. 
| Hapsy c ocHoBHbIM H KHCJIbIM (byKCHHaMH HCIIBITHIBAIHCb 903HH, TOYHAH- 
HOBBIM CHHUM, MeTHJICHOBHIM 3eleHbI, MeTHJIeHOBbIM cuHul, asyp I] u mupo- 
HHH. PacTBopbl NHPpOHHHa H eFO CMeCH C METHJICHOBbIM 3eJICHbIM TOTOBHJIMCb 
mo Yuua u Ha allerarHom Oydepe c pH 4,8 (14). OkpammmBanue MHpOHHHOM Mpo- 
H3BO,HI0Cb 30 MHH. 
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O6bekTaMH HCCJeCIOBaHHA CJTYKUIH MpeHMYWeCTBeHHO TKAHH BereTaTHB]y 
HbIX OPfaHOB TpaBAHUCTHIX pacTeHHu UW Hp 

OJHOM CJIy¥ae — I[BeTOUHbIe NOUKH BHLWIHEIE 
B pa6ote MpuBeseHbl pesyJIbTaTbI, NOJTyi@ 
YeHHbIe C OCHOBHBIM MH KHCJIbIM dyKCHHaMiy’ 
M MupoOHHHOM (puc. 1—3). 
Pe3syabTaTbu. M3syyenue agcopoe 
UHH KpacuTesel wWuTonmasmoH mpu pas 
HBIX 3Ha4ueHHAX PH cpefbl NoKasaio, ut. 
o6pa6oTKa mpenapaToB pHOoHykKea30H Bii 
BCeX CJYUaAX CMelilaeT 30HbI OKPallHBaHu|f) 
K HelTpasIbHoH cpefe. STO cmetleHHe OolF 
JIee UCTKO BbIPaxKeHO JIA OCHOBHBIX Kpaculé 
TeleH, 4eM WIA KMCIbIX. CpeqH OCHOBHBIA 
HaHOoulee pe3KO CMellaeTCA 30Ha OKpalHll 
BaHHA B HeHTpasIbHY!0 CTOPOHY 0] BHAT 
HHeM pHOoHyKsIea3bl Y MHpOHHHa (pH. 25 
u 3), cma6o — y ocHOBHOrTO (dyKCHHé 
(puc. 1 u 3). Octambuble 3aHuMatoT TpoMe fe 
2KYTOUHOE MOJORKeHHe, MpPHYeM’ MeTHVJIEHOLE 
BbI CHHHH B 3TOM OTHOLICHHH G6/IMKe 
CTOHT K OCHOBHOMY (yKCHHY, TOJYHIM- 
HOBbIN CHHHH — K MMPOHHHYy. 
CooTBeTcTBeHHO, yaslenHe PHK samer- 4 
Puc. 1. Ancop6uua Kucnoro (x. p.) 4 oc- HO CMetllaeT K HeiTpambuol cropone u HOTS 
HOBHOTO (0. @.) PyKcuHa, Ip pasnuunEIx WHTOMIA3MbI, OllpewesAeMy!o Napow kKpa-y 
sHaveHWAX pH cpelbl, UWHToNMasMoH  CHTeseH: KUCJIbIM (PyKCHH —OCHOBHOK yk-f 
Ke€TOK POcTKa KapTodesa 6e3 o6pa6oTKu cuu (puc. i Kak BHIHO, 3TO CMelLeHHEs: 
(1) w Mocne o6pa6oTku (2) pu6onyxK- 
neazoi. Vion 1951 r, J —napenxuma, “@AeT MpeMMYyllecTBeHHO 3a CueT MOCcHeqHerCy 
II — mepuctema, JI] — cocyqoo6pasyw- 4H B OOu/bilel CTeMeHH B KJleTKaX, OOraTbixdy 
ude KeTKH mMpoKamOusa PHK. XapakTepHbIM JI WaHHOrTo cyuane 
ABJACTCAH, OHAKO, TO OOCTOATEbCTBO, YTOM. 

pHOoHyksleasa He CHHMaeT OTHOCHTeIbHOTO pasMuNaA ‘Mexy TKAaHAMM TO}, 
nomoxkennio MOT wuTronmasmpl. 3yecb xe CaekyeT OTMETHTh, YTO BO3MOKHBIp 
ciyuau, Korga MOT yuronma3Mbi cmellleHa B HeliTPaJIbHYIO CTOPOHY, HeECMOTPAIe 
Ha HaJIMUMe B He SHAUNTEIbHOTO KOHYeCTBa CBOOOAHOH PHK (cocyno0Gpas3y10-f 
ive KJI€TKH M APbIWIKH B KpPYMHbIX AApax KJIeTOK-cnyTHuu). B oTmHuHe OTH 
OCHOBHOTO (byKcnHa, CMeleHHe 30HbI aycopOunH WuToNMasMol mMponuHad 
nocne yfantenua PHK BpipaxkeHo HacTOJIbKO pe3KO, uTO OOpadoTKa puOoHyK-# 
Jiea30H MOUTH NOJHOCTbIO CTHpaeT pa3yIMuHe MexK]Y TKaHAMH MO cTeneHH® 
6a30uJiuH. 
Kak BHHO 43 9THX JaHHbIX, MpH ompexemenun MOT xKpacounbim MeTtozom® 
PHK o6napyxxuBaer ce6a He TOIbKO KaK KUCJIbIM KOJWIONL, BIMAIOUINH Ha OOmLMEA® 
3apA WHTOMMA3MbI, HO HM Kak (PakTOP, OOYCJOBIMBAIOWLU B OONbIUlel HIM MeCHb-sF 
meH CTeneHH cnelupuyecky1o acopOuMio0 OCHOBHBIX KpacuTele. Bo BcaKomp 
cily4ae, B OTHOWeHHH MmHpoHHHa PHK HecoMHeHHO NpOABAAeT CnelmnMdHuecKyt0 
ancopOWnto, BbIXOAANLY!IO 3a Mpekebl AelicTBHA OObMYHbIX 3/IeKTPOcTaTH4eCKHX ff 
cH Ha 3apaq kpacutea. [loaqrBepxxeHHeM STOMY ABJIAeTCA H3OUpaTembHag § 
CNOCOOHOCTh K MIMPOHMHY MH MeTHJIeHOBOMY 3e1eHOMY CO CTOPOHbI IMTOMIAa3MBI 
u afpa. Kak wspecTHo, np OKpalliuBaHuu Mo YHHa, MMpoHuH aycop6upyerca | 
IWMTONNa3MOH HM ApbIWIKOM, cofep»Kanjuma PHK, Merumenospliit 3enenpit —} 
ANPOM, COfepxKaluM Au30KcupHOouyKMenHoByIo KucOoTy (JLHK). Yaanenues 
HYKJICHHOBBIX KUCJIOT COOTBETCTBYIONLMMH HYKJIea3aMH CHMMaeT ajcopOIMHto | 
3THX KpacuTesel. 
B cayyae OcHOBHOrO *yKCHHAa, MBI, MO-BHAMMOMY, WMeeM JenO Cc OOBIMHOn f 
ajcopOunel MOHa KpacHTeIA CyMMAapHbIM 3apsoM IuTOMMa3sMBI. B coueraHun | 
C KHCJIbIM (PyKCHHOM OH JaeT Oomee WIM MeHee MpaBMIbHOe MpescTaBsenne 06 | 
MCTHHHOM 3HayeHuH VOT mmTonma3Mbl. 
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Hs10xKeHHbIM BbIlle MaTepHadl JaeT OCHOBaHHe cuNTaTb Oasoctunuio Hu MOT 
aK NOHATHA HepaBHosHayHble. Basodusuro Mbl Ompeyemiem 10 KpalHemy Mpe- 
ely aycopOunu ocHoBHoro Kpa- 
WuTeJIA B KUCJIOH 30He pH. Ona 
fiOycOBeHa HaslMuHeM cBOGOI- 


Puc. 2. Ancop6uua nuponuna (n) npu 
pasJIM4HBIX 3HaveHHAX PH cpeyp WUTO- 
IMa3MOH KNeTOK cTeOmA KapTodens (/) 
M ropoxa (//) 6e3 o6pa6oTku (/) u noc- 
me o6pa6orTku (2) pH6onyKseason. Mion 
1951 r. m—B KneTKax TOUKN pocta, N—B 
KJl€eTKaX NapeCHXHMbI B OCHOBAHMA TOUKH 


Puc. 3. Ancop6uua nupoHMHa (n) KHCO- 
ro (x. @.) HocHOBHOrO (0. @.) dbykcuHa 
KJ€TKAMH 3a4aTKOB THIYMHOK M MecTHKa 
B TeHepaTHBHbIX NOUKaX BUWIHU 3axapo- 
BCKad (MOUKH BaATH' 15 XI 1956 r.)* 6e3 
o6pa6oTku (/) uw mocne oOpa6oTKH (2) 
puOoHyks1ea30u 


pocta 


moh PHK ps wntronma3sme. MOT omKHa COOTBeETCTBOBaTb CepeqHHe 30HbI 
paospemeroro OKPpalluBaHHA KMCJIbIMA HM OCHOBHbIMM KPpaCHTeJIAMMH, He Nposa- 
SIAC cneluuduyeckoh ajlcopOuvH K TeM WH HWHbIM KOMMOHEH- 
| 
i 


aM WuTonmasmpl. MST xapakTepu3yer 2/I€KTPOKOJJIOMHbIe CBOHCTBa IWHTO- 
mIa3Mbl HW OOycOBeHa NO Kpalineli Mepe TpemaA dakTopamu — HasIMuMeM CBO- 
omHoH PHK, oTHOcHTebHBIM COepr%KaHueM PHOOHYKJeONpoTeMAOB HM COCTaBOM 
(a TakoxKe CTPYKTYPHbIM COCTOAHHeM) OesKOBOrO KOMMeKca. HecooTBetcTBne 
Casopuiuu u WOT sospacraer c yBemuuenuem cBoOosHoK PHK, serko araxye- 
MoH pHOOHyKslea3oi, HC ycuseHvem cnewMduyeckoh aycopOunu PHK ocuosxoro 
KpacuTea, HCHOMb3yemoro WIA ONpeseleHua Oas0puJHN. 

CoueraHue ONMCaHHbIX BbIllle MeToqoB onpefesteHun MOT u Oasocdusun c uc- 
iNOb3OBaHHeM (bepMeHTOB JIA YWasleHHA TeX WJIM HHbIX KOMIOHEHTOB W3 KOH- 
(CTHTYIMOHHBIM OCHOBBI IMTOM1a3MbI ACT BOSMOXHOCTH Coulee eTaIbHO pacwind- 
|POBAaTh XMMMYeECKY1O WM CPH3MOMOrMYeCKYIO CYULHOCTh BO3PaCTHbIX MH CyHKILMO- 
|HaIbHbIX H3MeHeHHM B WMTOMAa3Me. 
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Jloxnagn Akagqemunu nayx CCCP 
1958. Tom 118, Ne 2 


A. HM. KYMHA 


IKCNEPMMEHTAJIBHO-rHMCTOJIOTHYECKOE HCCJIEMOBAHHE 
BArMHAJIBHOTO SNHTEJINA YEJIOBEKA 


(Ipedcmasaeno akademuxom H. H. Axuuxoeoim 14 X 1957) 


OueHb TpyAHbIM H NO HaCTOALeroO BPeMeHH He PellCHHBIM OCTaeTCA BOMPOOm 
O rucToreHe3e MHOTOCJIONHOFO INUTeIMA Barada HBJara/IMMHOW YacTH WehkKyip 
MaTKH YesIOBeKa. ITO 3aBHCHT OT CJIOXKHOCTH 9MOpHOreHesa HKeHCKOLO NOJIOBOrCH 
anmapata, B Npoleccax pasBUTHA KOTOPOrO JO CX Nop OcTaeTCA MHOTO HeACHOTO.M 
BnuotTb Wo 1932 r. B mHTepaType TOCcHOACTBOBaJIO MHeHHEe, YTO SIIMTeIMaJIbHbIMe 
MOKPOB BJlarasivila ABJIAeCTCA pPa3HOBHAHOCTbIO 9SIIMTeIMeB, MpOH3SBOXHbIX® 
MIOJWJI€pOBbIX KaHaJIoB (1-’). Ilo3xe MHOFoCJIOMHbIM MOKPOB BllaraJMula CTasMe 
pacCMaTPHBaTb KaK BTOPH4HOe OOPas0BaHve — pesyJIbTaT BbITeCHEHHA MpPH3Ma-i 
THYeCCKOFO SMMTEMA MIOJJICPOBbIX KaHaJIOB MOKPOBOM MOYEMOJIOBOrO CHHyCca,® 
MMeIOIWLMM 3SmMAepMaibHyo mpupogy (° 1°). B oGpa3s0BaHHH 3TOrTO noKpoBake 
B KaKOM-TO Mepe IIPHHHUMaIOT yUaCTHe CMeCTHBIUHECA JJIEMCHTHI STM epMaJib- if 
HOFO 3a4aTKa, KOTOPbIe, 10 HEKOTOPbIM JaHHbIM (11 1*), pOHHKaloT B COCT@B BbI- & 
CTHJIKH KJIOAKH MJICKONMTAIOWIMX BMeCTe C KayaIbHbIM OTPe3KOM BOJbMOBad 
KaHasla. OTY TOUKY 3peHHA B HacTOAIee BPeMA CIeLyeT CUHTATb HanOoulee Be-w 
PpOATHOH. 
Ilo cBouM MopdbomormyuecKHM [IPpH3HaKaM SMNTeIMH Blaramuula uenopekag 
OueHb OIM30K K SM epMaJibHbiM snuTemHaAM (131). Y Bapocnol, HOpMasbHOf 
pasBUTOH, 3OPOBO XeHUMHbI CIM3HCTad OOOOUKAa BéJlaraduila, a paBHO uy 
CJIM3MCTaA BJlaraJIMULHOH YaCTH MaTKH MOKPbITbI! THNMYHbIM MHOFOCJIOMHbIM: 
HWIOCKUM 9TMTemvem Oo 200 w TOMMMHOH C ACHO BbIPaXKeHHOM BepTHKaIbHOND 
aHusomopduocrp1. BarvkasibHblli sMTeHH COCTOHT H3 3 OCHOBHbIX 30H: 
1. OcHoBHac, WIM pOCTKOBasd, 30Ha MpelcTaBeHa HeCKOJIbKHMH CJIOAMH 
KJI€TOK, MWIOTHO MpHleraioulux pyr K Apyry 4 HHTCHCHBHO KpacsallluxcaA TeMaTO- | 
KCHJIMHOM. KjieTKH Oa3a/IbHOrO CJIOA HMeIOT MpH3MaTHYecKy!o PopMy MH TemHOe |) 
OBasIbHOe Apo. B WaHHO 30He MpOHCXOMUT MHTOTHYeCKOe PasMHOXKeHHe Ke 
TOK. | 
II. B pesybrare sToro pasMHoxKeHuA MH AudtepeHItMpOBKU KeTOK OOpa- 
3yeTcA CpeqHAA, WIM PYHKUMOHAIbHAaAA 30Ha. Uncs0 cloeB B Hel KONeGNeTCA OT ¢ 
2 Ho 30 uw Oonbumte. IlonmroHambuble KeTKH PaCNOJOKeHbI He TaK TeCHO, KaK4 
B Oa3aJIbHOM CJIOe, MexKLY HAMH UMeIOTCHA WeeBUHIe MPOMeXKYTKH, B KOTOPbIX 
OOHaPyXXUBawWTCA MEXKMeETOUHbIe MOCTHKH. KaeTKH KpymHee, KpacsTca MeHee 
MHTCHCHBHO, OoraTbl PIMKOreHOM, MMeIOT OKpyrvioe aqpo c 1—2 syppuuKamn. ¢ 
Muroruyecku JeIAMMXCA KMeTOK B HOpMe 3Jlecb He BCTpeyaeTca. { 
III. Yem Onuxe K noBepxHocTH CIM3UCTOM O6ONOUKH, TeM OoNbINe KIeTKH ¢ 
I] 30HbI ynuiomaiorca H MepexogaT B keTKu III sonbl — noxpoBHol. Ppaxnust 
KI€TOK OOO3HAYEHI Pe3KO, IMTOMMas3Ma YaCTO BaKYOMMSNPOBaHa, cma6o OKpa- 
weHa. B moBepXHOCTHBIX COAX Apa MMKHOTH3HPYIOTCA HM B KOHIUe KOHIOB Cco- 
BeplleHHO Hcyesaror. Emme OnuxKe K CBOOORHOH MOBepXHOCTH SMMTeIMaIbHOrO 
mlacTa WcvesaroT MW PpaHUllbl KNeTOK. C NOBepXHOCTH SMHTeIMH Blaraluitta no- 
KPbIT OHOPOAHOH Maccoli poronosoOHoro BelllecTBa, B KOTOPOM HedJIb3A passu- - 
WHTb HM Aep, HH rpanut KeToK. II[pHHATo cunTaTb, YTO HCTHHHOFO OpOroBeHHA” | 
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HOPMAJIbHOM BarHHaJIbHOM SMMTeMH Mp (usnoOrMuecKHX YCJIOBUAX He 
acTylaeT. OHakO MMelOTCA MH MpOTHBOMOMOKHbIe WaHHble (1, 1%, 1%), 
Hactoajad padora mocBalleHa BbIACHeHHIO TKaHeBOM MpHpOsbi BarHHavib- 
Oro 9SINMTeIHA YeNOBeEKa C MNOMOLM{bIO IKCMePHMeHTAaJIbHO-FHCTOJIOrM4YecKoro 
eTona. Bcero Oblio mpoBejeHo 8 cepuit akcnaHTamul. Marepvasiom Avis moceBa 
SAY KUM YACTHIUbI CIM3MCTONH OOOMOUKH BaraMila, NOyYeHHbIe OT KeHINMH, 
)MepHPOBAaHHBIX MO NOBOLY pasIM4HbIX 3a60/1eBaHU Tela MaTKH. Bospact Oomb- 
ibix OT 36 Jo 48 ner. KynbTuBupoBaHNe NpousBomMOcb BO dbakonax. IIntTa- 
(eIbHOH CpeoH CJyKMIM: KypHHaA Wia3Ma, KYPHHbIii IMOpHOHaMbHbI SKCT- 
aKT, CbIBOpOTKa KpOBHM YesloBeKka rpynnb! AB u comeBok pacTBop Tupore. 
loceB Mpou3BoqMJicA c WOOaBJIeHHeM CMeCH TeHHUMJIMHa MW CTpenTOMHIlHHa 
8 KoHyecTBe 0,1 ur Ha dbuaKon. Cpox, kyibTHBUpoBaHua 45 Hel. Bcero usy- 
reHo 160 KysbTYp — Ip X%KM3HH, Ha PUKCHPOBAaHHbIX TOTAJIbHBIX MpenapatTax 
Ha cepuaAx cpesop. B KayectBe dukcaTopoB mpuMeHamuch 10% copmamHH 
ifeHKep-opMowl. Okpacka — remaTokcumuH Kapauyn, *ese3HbIii remaTOKcu- 
WH, MYWMKapMHH, TeMaTOKCHJIMH-3903HH, a3yp I]-3903uH, no Tu3souy, no Maa- 
opH u Yuua. J 1a BbIABJIeHHA KJIeETOUHBIX PpaHUIl MpenapaTb! OOpadaTHIBaHCb 
ASOTHOKHCJIBIM CepeOpom. 
KyJIbTHBUpOBaHve BarMHaJIbHOTO 3 IMTeIMA, BOMPeKH HEKOTOPbIm WaHHbIM 
17,18), ocoOblx TpyqHocTet He npeycrar iser. Bo Bcex U3YYCHHBIX HAMM Cii_"UaAXx 
Pb MOyyeH xOpowmM poct. K Kony ° CyTOK WIM Ha 3 CYTKH Nocse 3KCMMl< Y- 
rau B MOBEPXHOCTHBIX CJIOAX SMMTe)UaJIbHOrO WlacTa 3aMe€THO YBeJIHUMBA 
OTCA Mpoleccbl HeKpoOuo37, vw arKarillWecA B MHKHO3e Ajlep, HCues3HOBeHHH 
KJICTOUHBIX paul, MW MOCTsMeHHOM TrHOeH BCeX KJIETOUHBIX 3JIEMeHTOB. OTMu- 
paeT BCA TOJIMa SNHTeMa IbHOrO MwiacTa Kpome Oa3abHOoro culos. IIpumepHo 
K 4—7 jHio HeKpoTHyecKaa YaCTb 9MMTeMA OTTOPraeTcA. OMHOBpeMeHHO OTMe- 
HaloTCA H3MCHeHHA B ero 6a3aJIbHOM CJl0e, KJIeETKM KOTOPOrFO yMVOIlalorces UH, 
paclpocrpaHAAch MO Mofwekalllei TKAaHH, MOKPbIBaIOT MOBEPXHOCTb KYyCcouKa 
tO BCeX CTOPOH. O6pa30BaBIIHlicA OMHO- WIM JBYCJIOMHbI MOKPOBHBIM Ww1acT 
HBJIAeTCA MasloquddepeHUMpOBaHHbIM IVJIOCKUM SMMTeIHeM, YTPaTHBLIHM CBOH 
rucToTHnMyeckHe ocoGeHHocTH. IIpH kKyJIbTHBHpOBaHHH BarvHaJIbHbl 9MHTe- 
IMM MOXKET HE TOJIbKO 3MMTeIM3HPOBaTb MOBePXHOCTb 9KCMMAHTATOB, HO UM jla- 
BaTb KapTHHbl 9KCTEHCMBHOFO MJIOCKOCTHOrO pocTa B BAe MemMOpaH. Kpome Toro 
B pale clydaeB HaOwOaeTcCA MHPUJIbTPaTUBHbIM POCT ero B NOseKallly}o coe- 
MMHUTeEJIbHY!O TKAHb. Bce THMbI POCTa OCYULECTBJIAIOTCA 34 CUeT AKTHBHOFO BH- 
KEHHA H MUTOTHYECKOFO Pa3MHOXKeHHA KAMOMAJIbHbIX KJICTOK 9KCIVIAHTHPOBaH- 


Hau6omee WHTepecHble B FHCTOJIOTHYeCKOM OTHOWeHHH H3MeHeHHA Haduio- 
WaiorcA MpH IMNNTeIH3allu4u MOBePXHOCTH WeHTpaJIbHOrO KyCcOuKa, KOTOpbIe 
COMpOBOKWaroTca OOpaso0BaHuemM Oovlee HWJIM MeHee LudpepeHUMPOBaHHbIX CTPyK- 
typ. [leppoHayasIbHO TOHKHe, YaCTO OJHOCJIOMHbIe, SMMTEIM3SHPYIOWlMe MWIAacrbl 
MOCTeMeHHO yTOMULalorcd HM MO ucTeyeHun 4—8 Heli NpeBpallawTcA B MHOrO- 
CIOMHbIM NOKPOBHbIM 3MHTeIMM, COdepxKallHH MATb-BOCeMb cJlOeB. Ha paH- 
MX CTaMAX MHOFOCJIONHbIN MOKPOBHbIN IMMTeIMH uMeeT Malo,upepeHinpo- 
BaHHOe CTPOeHHe HM COCTOUT 3 Gouee HH MeHee OJMHAKOBHIX KJICTOK, Oe3 CleqOB 
BeEPTHKaJIbHOH aHH30mMopdHocTu. KaeTKH 3akpyrvieHHOH (opMmbl cosepxar 
pyMHoe oBaJIbHOe APO c OJHUM-ABYMA ALpbkamu. Mexfy HMMM MOAB- 
AIOTCA ILeeBUIHbIe MpomMexkyTKu (pvc. | a). B TakomM Muacre MMeloTCH MH- 
O3bl, HaHOOJIbillee KOIM4YeCTBO KOTOPbIX HaOvilofaetcaA Ha 4—10 WeHb KyJIbTH- 
BApoBaHua. B JasbHeliilem H3OMOpHbIM WwiacT HaYWHaeT OOHAPy2KUBATh MIpUs- 
HaKH BTOPHYHOK AudpdpepenuupoBKu. B HeM MOABJIAIOTCA HepaBHOIeHHble KJe- 
TOUHBIe CIOH. OJIEMeCHTEI, PacMOJIORKeHHble HEMOCPeACTBEHHO Ha COeAMHUTEIb- 
HoH TKaHM, COXPaHAOT KaMOMaJIbHbIe CBOMCTBA H JeATCA MUTO3aMM. OHH HH- 
TCHCHBHO KPaCATCA, HMCIOT KPyHOe OBaJIbHOe APO M OKpyrviy1o MIM KyOute- 
ckyio dbopmy. B cmoax, NexalyHx OWKe K CBOOOLHOM MOBepXHOCTH, KJIeETKM He 
PaSMHOKaloTcA, CiaOee OKpPallIMBalOTCA, HX TeO yMmOllaeTCA, a ARPO UMeeT 
Ha Cpe3axX MalouKOBUHy10 (popmy (puc. | 6). B menAax, pasfesMIOULAX KeTKH, 
HEPeKO MOABJIAIOTCA Me@XKKJeTOUHbIe MOCTHKU. C mpuOmuxKeHHeM K CBOOOHOM 
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MOBEPXHOCTH MJlacTa HekpOOuoTHyecKHe M3MeHeHHA B KJleTKaX HapacTalor, U. 
apa HcuesaloT, OHH OKpYyrsAloTcA, OTTOpraiorca M MorHvOatoT (puc. 1 6). Oif 
ToOpraloulvecA KJeTKH Upy3sHO MpoKpauIMBaloTcCA KUCJIbIMA KpaCKaMH, OJ 
HakO HacTOAllero OporoBeHusA B HUX He HacTynaer. Ilo Masmopu onM oKpalni 
BajoTca B CepoBaTo-posoBbiii uBeT. TlokpoBHbie MacTbl Ha 9TOM cTawHM Mpezh 
CTABJIAIOT COOOM HCTHHHbI€ MHOFOCOMHbIe CTPYKTYPbI C BbIPAaKeHHOH BEPTHKAJE 
Hoi aHu3omMopduHocTbwo. Takoli xapakTep NOKPOBHOrO STMTeMA CTOHKO COxpé| 
HAeTCH JO KOHUa KYJIbTHBHPOBaHUA. OMUTeM3SHPpOBaHHble KYCOUKM C TeveHHelll 
BPCMeHHM TIOCTeIeHHO YMeHbIUAaIOTCA B Pa3MepaX, KOJIMYECTBO KJIETOK COeCAMHE 
TeIbHOM TKAHH YMeHbIaercsx, a MeKKJeTOUHOrO BellecTBa — BospactaeT. IleHt} 
PaJIbHbIli KYCOUCK NP MpWoKM3HeEHHOM ero HaGOeHHM CTaHOBHTCH TeMHBIM} 
Cb@KHBACTCH, a3aTeEM OTMUpaeT. OueBHIHO, B pe3ybTAaTe NOHO SNMTeEIM3alM I 
IpOWCXOLUT yXyAWeHve OOMeHa BellleCTB MEXKAy TKAHAMH SKCMVAaHTaTa MU MHTER 
TeJIbHOH cpejoH. | 

Ilpu SKCTeHCHBHOM pocTe BaruHaJbHOTO SMTeNMA OOpasyioTcA OOWMpPHBIE 
MWIOCKOCTHBIe MeMOpaHbl. Kak mpaBHJlo, MeMOpaHbl pacTyT MO cwroye, MocTe 
MeHHO pa3xKuxKaad CHOPHH MO Mepe cBoero pacnpoctpaHeHuA. Ilo umeroluMc fi 
y Hac JaHHbIM, PHOPHHOJINS 3eCb BbIPAKeCH 3HAYHTEJIbHO MeHbIe, YEM B KYJIbTY 
pax 90MTeIMA WepBuKasIbHoro KaHawla. Ilepudepuueckull Kpal SKCTeHCMBH'E 
pacTyilelH MeMOpaHbI uacTO MpeBpalllaeTcd B MaCCHBHYIO 3IMTeJIMaJIbHyk 
KaliMy, PpaHwyallly1o C Hepa3xKM2KeHHbIM C(PHOPHHOM (pue. 2 a). Ota Kalima CC 
CTOHT H3 HeCKOJIbKHX MOKPbIBaIOWMX Apyr Apyra cwioeB HHTeHCHBHO kpaca 
muxca KeToK. Mexyy ToucToH KaHMOM %KH3HeECNOCOOHOrO SIIHTeIMA UW WeHTE 
PaJIbHbIM KYCOUKOM pacnoslaraeTcs OAHOCIONHAaA MeMOpaHa, COCTOAIad W3 TeCHIe 
COMKHYTbIX KJICTOK MHOFOyroJIbHOH (opmbl. Kpynuoe WHTOMIas3MeHHOe Teds 
UX COMe€pXKUT OTHOCHTEJIbHO HeOOJIbIUOe OKPyrvioe AQPO C OAHHM, pee C ABYM! 
aAappuukamu. Llutonja3Ma pe3KO pa3rpaHvueHa Ha TeMHYIO 3€PHHCTYIO OKOJIO 
ajepHyto H cBeTLy1o MepudepHyeckyio uacTu. Ha doue ofHocONHOK MeMOpaHEs 
BCTPeualoTCA OTJeIbHbIe MACCHBHbI€ YUACTKH, COCTOALIHe H3 HECKOJIbKHX CJ0eI} 
KuleTOK (pvc. 2 6). Tak 2%e Kak HM KpaeBaad KaliMa, 9TH yuacTKH OOpa3ytwrc:! 
MYTeM HacylaMBaHHA KJIeTOK [pyr Ha Apyra. I panuubl kKeTOK ACHO BbIpaKeHE 
He TOJIbKO Ha MpenapaTax, OOpaOoTaHHbIX Aa30THOKHCJIbIM CepeOpoM, HO HM Hi 
OOBIUHBIX TpenapaTax, OKpalleHHbIX reMaTOKCHJIMHOM. MuHoroyroJibHaa ‘popMi 
KJIETOK H YCTKOCTb KJICTOUHBIX Ppa MpHaloT MeMOpaHe XapaKTepHbIM pucy 
HOK <TOPLOBOH MocTOBOM» (puc. 3). B oTaH4Me OT SNMTEMH3UPYIOWUX MWlacTOB 
B 30HE POCTa SKCTCHCHBHO pacTYylero JMMTeIUA OOHAPY2XUBAaWTCA JIMMUIb CLM 
HHYHbIe MHTO3SbI WH OYCHb MHOPOUMCJICHHbI AMUTOTHYECKH Jesaulneca aapa. Mem 
OpaHbl OTMMUAIOTCA HaIMYHeM OOJIbIIOrO KOJIMYeCTBAa MHOFOAJepHbIX KJIeETOK 
cOfepKallux OT ABYX NO JecaTH u Goble aANep (puc. 4). Hapa B keTKax pacno 
NaraioTcd WeHTpaJIbHO WIM MO BCeMy KJIeTOUHOMY Tesly. BecbMa BO3MOKHO, YTC 
B HeKOTOPbIX CJlyYaAX TMocIe AMHTO30B AJlep MPOHCXOAMT WH Wa3MOTOMHA, OL} 
HaKO B KaKOH Mepe 9TO HMeeT MECTO, CKa3aTb TpyHO. UacTro MemOpaHbl uMeto's 
KOMIIJI€KCHbIM XapakTep, HO BCTPeyalOTCA OTIeJIbHbIe MeMOPaHbl C paspbIXJIeH-}) 


Puc. 1. Muxorocuotinbie SNUTeM3MpyIollMe MacTH. a — MamoLuddepeHUMpoBaHHElit MHOTocIOn 
HBIM STMTeMA Ha MOBepXHOCTH SKCIVIaHTAaTa ;BUAHBI MEXKMETOUHbIe MeH H MHTOSBI (1); WeNIOMAU 
HOBBIM cpe3; KybTypa 10 AHeli; WeHKep-tpopMou; remaToKcuimH-303nH; 600 x; 6 — Hauanc 
BTOPMUHOli AudpepeHUMpOBKH MOKPOBHOPO SIMTeINA; OasabHbIli CMOli MHTCHCHBHO OKPalleHHbl2 
KeTOK KyOuuecKOl (POpMbI; MOCKHE KJIETKH C MaIOUKOBALHBIM ALPOM B MOBEPXHOCTHBIX COAX 
HeAMOMAMHOBbI cpes; KybTypa 15 Heil; WeHkep-popMod; 2xeesHbIil PeMaTOKCHMH-MyWMKap | 
MMH; 600%; 6 — BepTHKaMbHOAaHH3OMOpHbIi MOKPOBHBIi SMMTeMMaIbHBI MwacT; MHTOSb 
B Oa3aIbHOM CwJloe (1); oTTopxeHHe HM rHOeNb NOBEPXHOCTHBIX KMETOK; LWeMOMAMHOBHIII cpes 
Kyabtypa 18 qHeli; WeHKep-cbopMoa; remMaToKcnmuH-303HH; 600 x ee 
Puc. 2. OnuTesMasbHble MeMOpaHbl. a — MeMOpaHa C TeMHOli MHOrocaolinoli mepudepuueckot 
KaiiMOlt; ToTaJIbHad KysbTypa 11 quel; opManuH; remaToKcumuH Kapann; 80x; 6— onHocuol-} 
Hast MeMOpana C OTL€bHBIMH MHOTOCJONHbIMH y4acTKaMU; TOTabHas KybTypa 9 Hel; bopMaHH 
remaTokcnmu Kapaun; 80x | 
Puc. 3. XapakrepHblii pucyHOK KeTOUNBIX pal B SIMTeMANbHOl MeMOpaHe. TotanbHas} 
KyibTypa 12 quel. OopManun. Tematokcumun Kapauu. 300 
Puc. 4. [wranrckue MHorosepHble KeTKM B SMMTeNMabHOli MemOpaHe. ToTambHasa KyJbTypa} 
11 quel. Popmanun. Tematoxcnaun Kapauu. 400 | 
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Puce. 


re yuacTKamu. Oco6eHHo CHbHO paspbIXJIeHHe BbIPAarxKeHO M10 Kpalo MeMOpaHLt, 
He MIPOMCXOMHT M30IAWHA M OCbINAHHe OTJEIbHbIX KJIETOK. 

| Oxpacka mpenapatos “3 KyJbTYp BarMHabHOrO STMTeNMA MYIWMKapMHHOM 
ik CIM3b HE Jasla MOJOMKUTEMbHBIX pesyJbTaToB. I]pu TijaTebHOM H3y4eHUH 
fi MaJICHINMX CJIeNOB CAM3HCTOH CeKpelHH He ObIIO OOHapy2xKeHO HH B MeMOpa- 
HaX, HH B 9SMMTeM3MpyIOulMxX mMacTax. 

| B 9KCWWaHTaTax M3 CJIM3HCTOL O6OOUKK Bularasuuia, HapaAy c annTeTHeM, 
OryT pacTH M COeMHUTeEMbHOTKAaHHbIe S/ICMCHTHI, HO Yallle AaKTHBHbIM poct 
|MMTeIMA MOMHOCTbIO NOMaBAeT POCT COCMHUTeEIbHOH TKaHH. 

TakuM o6pasom, Mpu KY.IbTHBUPOBAHHH SMTeIMAbHbI NOKPOB BularasHua 
jeslopeKa OOHapyxXuBaeT PA MOposorM4yecKHX MpH3HaKOB, XapakTepHbIX 
14 KYJIbTYP STIMMepMaJIbHbIX TKaHeH (1°). OqHako B KyJIbTYpax BaruHaJbHOrO 
nurestusi AudhepeniMpoBKa He 3aXOMMT Tak LayeKoO, Kak B STIMepMuce KOK U 
[rO. AePHBaTOB; Mpolleccbl OPOroBeHHA 3feCb OTCYTCTBYIOT. 

KyabTypbl BarvHasIbHOrO SNUTENMA CyUeCTBeEHHO OTMMUAIOTCH OT KYJIbTYP 
FesOAePMaJIbHBIX STIMTeMMEB, B TOM UNCMe H MPOMSBOLHDIX MIOJJI€POBbIX KaHa- 
hop (°° **). Tlokpopubiii nuiact HeM3MeHHO COxpaHsaeT MHOrOcMOHHOe cTpoeHHe 
BbIPAXCHHOH BePTHKAJIbHOM AHH3OMOPPHOCTbIO. ONUTeMasIbHbIe MeMOpaHbt 
)C3KO OTJIMUAIOTCA OT SIMTEMMAJIbHbIX MeMOPaH SIMMTeUA WepBUKabHOrO KaHa- 
1a Kak MO CBOMM THCTOJOrTH4YeCKHM, TaK M WATOJIOTHYeCKHM OCOGeHHOCTSM. 
DTH SMMTeIMM OTIMYAIOTCA WH MO CBOHM (UOPHHOJUNTMYeECKMM CBOHMCTBaM, KOTO- 
BIC Y ONMTEMMA BMlaraulla BbIPaKeHbl SHAYHTebHO ClaOee. Kpome Toro, y Hero 
)TCYTCTBYeT CJIMSUCTaA CeKPeWUA, ACHO BbIPaKeHHaA B KYJIbTYPax WepBUuKaJIb- 
40rO SNHTeINA. 

_ Axanu3 Mopdosoruueckux wu (byHKUMOHaNbHbIX MpHsHakoB, OOHapyxKuBae- 
MbIX B SNMTeIMM BaraJiMlla %KeHUIMHbI KaK B HOPMe, Tak H IIpH KYyJIbTHBUPOBa- 
14M BHeE OpraHH3Ma, MO3BOIAe€T OTHECTH ero K 9SMMTeIMAM SMMepMadbHoro 
una. Ilo copokynHocTH CBOUX FHCTOTHMMYECKUX CBOHCTB OH Pe3KO H CTOHKO OTIH- 
HaeTCA OT SIIMTeIMEB, ABJAIOWIMXCA MPOMSBOJHbIMH MIOJWICPOBbIX KaHaJIOB. 


YUuctutyT oKosoruu Tocrynusio 
AkajleMHa MeMIMHCKUX HaykK CCCP 8 X 1957 
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rHCTOJO‘H# 
Bb. Bb. ®YKC | 


PUCTOXHMUS CYKIMHOKCHA3HOM CHCTEMbI HOPMAJIBHOLO | 
MW PETEHEPHPYFOWETO HEPBA . 


(ITpedcmaeaeno axademuxom JI. A. Op6eau 30 VIII 1957) 


CBa3b JbIXaHHA C MpoleccoM BO36yKAeHHA B HeEpBe HaXOLNT BbIPAaKeHHs 
B JAHHBIX, COrIaCHO KOTOPbIM NOTPeOHOCTh HepBa B KHCOpOAe 3aBHCHT OT 42 
CTOTHI pa3ipawkeHua HepBa (1%). . 
Cueqyer JOMycTHuTb, YTO JbIXaHve MOKOAMeErOcA HepBa Take HMeeT OTHOLLELE 
Hue K (byHKUMH HepBHoro Bo3s6yxeHuA (°). 
B page paoor (1, 1”) Bbicka3bIBaeTCA TOUKAa 3PeHHA, COrIaCHO KOTOPOH JbIxXele 
HM€ B H€pBHOM BOJIOKHe HMeeT HeMOcpeCTBeHHOe OTHOMeHHe K CHHTe3y MaKDC} 
9pruuecKHX COeAMHEHHU, KOTOPble 3aTeEM HCHMOMb3YrIOTCA B Mporecce ero *%KU3HER 
JleATeJIbHOCTH. 
VUs3yyenue Bompoca O pOvJIH JbIXaHHA B BbINOJIHCHHH HeEpBOM cHelvasu3supos 
BaHHOU PyYHKIUMU OTOABHHYJIO Ha BTOPOH MWvIaH BOMpoc O BO3MOXKHOM 3HadeHH! 
OMOOrMYeCKOFO OKHCJICHHA AIA OOMEHHBIX MpOleccoB, O6ecneyMBaIOulNX OOHOBE 
JleHHe HW WepecTpoHKky BellleCcTBa AKCOMIAa3MbI W MAKOTHBIX OOOO"eK. Takol Bompol 
BbITeKaeT H3 THCTOXHMMYeCKUNX UccseqoBaHHi Mapuuecko (!°,1°), koroppili Has 
Oa MOABIeHHe WaOWJIbHOH OKCHa3bl (KHTOXpoMoOKcHya3a no Kelanyy # 
Xaptpu (1?)) B komOax pocta Ha KOHWaX pereHepHpyloulNx akcoHoB. MapuHeck 
BLICKa3al IpeAMooweHve OO yyacTHH STOO sepMeHTa B Mpolecce pocta HepB 
HOrO BOJIOKHA. 
LluroxpoMoKcHa3a ABJIAeTCH OJHHM H3 (ePpMeHTOB CYKILMHUKCHasHor 
CHCTeMbl, KOTOPad KaTaJIM3MpyeT OKHCeHHe OOJIbIIMHCTBa TKAaHeBbIX cyOcTpa- 
Tos (18). JlaHHbie O HasIMuHH B HePpBHOM BOJIOKHe Apyroro KOMMOHeHTAa 3TOF 
CHCTeMbIl — CYKIMHJernipa3sbl — mpuBeyenbl B paOote (7). I]pu ucnomb30Ba- 
HHM MeTOowa SeiturmMaHa — PyteH6ypra aBTopbl HaGOsau OKpalliMBanHe MA 
KOTHBIX OOOI04eK B PO3OBbIM uBeT. B OOacTH OKOHYaHHA WernpasnaaA aKTHB- 
HOCTb HapacTaJla B WIBaHHOBCKMX KJIeTKaX MH NOABJIAaCb B OCeBOM IHIMHEpe 
MoxHo JONYyCTHTb, UTO [bIXaHHe B MOKOAMLeEMCAH HepBe HMeeT OTHOMMEHHE 
He TOJIbKO K BbIMOJIHCHHIO CielHaIM3HpOBaHHOHK PyYHKIMH, HOU K OOHOBJIEHHIC 
BelecTBa akcomlasMbl. MoxkHo mpeQNOIOXKUTh Takxe, YTO MpH pereHepalu 
HePBHOrO BOJOKHAa MpOMCXOAMT AKTHBU3aWHA UMeCHHO TeX OOMEHHBIX Mpomleccos, 
C KOTOPBIMH B HOPMe CBA3AHO HOBOOOPAa30BaHHe BellleCTBa AKCOMMA3MbI H MAKOT 
HbIX O6olOUeK. 
Mcxoma 43 TUX IpeANOCHIIOK, MbI MpeATPHHsANIM THCTOXUMMYeCKOe Uusy4eHHe! 
AByX (PepMeHTOB, OOpasyiolluxX CYKUMHOKCHAasHy!0 CHCTeMy, B HOPMaJIbHOM,4 
pereHepHpytolujemM HM JlereHepHpylolleM HepBax. 
IIpH M3y4eHHH UMTOXPOMOKCUaSbl MbI NOb30BaHCb Metoyom Tpecbbat 
(°, 17,14, 18,20). Jit BbIABICHHA CYKIMHAernApasbl MbI HCMOAb3OBaIM MeTOR, |! 
OCHOBaHHbIM Ha CIOCOOHOCTH TKAHCBBIX Jerukpa3 KaTaM3HpOBaTb BOCCTaHOBWJIe- 
Hue Heorerpasoma (*,4*). IluToxpomokcuyja3a UM CYKIMMH,eruypasa uccieno-4 
BaHbl B 57 onbiTax Ha coOakaxX WM KpOsIMKaX (Mepepeska CeJaMHOrO HepBa) H 
B 19 HeBpoMax, yJaeHHBIX y JOeH BO BPeMA ONepallMN (AJIMTeMbHOCTH OMBITOB! 
1, 3, 6, 10, 15, 20, 25 quet, 1, 2, 4 uw 6 mec.). B 10 onuirax, KpoMe TOrO, 
IMTOXPOMOKCHasa Oba MCCIeqOBaHa B HepBe, pereHepallua KOTOporo mpo- 
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(uJla B YCJIOBHAX HINeEMMM WJIM XPOHHYeCKOM BEHOSHOM rumepeMuH, BbIsBAaHHOM 
OXKCHHEM MOAKOKHOFO PesHHOBOTO XryTa Ha KOHeYHOCTb. 

lpm uHKyOalluu Cpe30B H3 HOPMaJsIbHOrO HepBa WHMTOXPOMOKCHa3a BbIABUJIA- 
a CHavalla B Ajipax, 3aTeM B NlepHHyKJeapHOH NpoTomiasme, a 3aTeM HM BO 
M MpOTOMIa3Me SHAOTeMMAaIbHON KeTKH KanMsuiapa. [pu Belapnenuu cyK- 

Nerufpasbl 3epHa cuHero tbopMasaHa paHbille BCeroO NOABJIAIOTCA B CpesHeHt 
OUKe COCYHOB. SaTeM BOMHOPOAHIM POSOBHIi BET OKPallIMBaloTCA MU9JIMHO- 
odo0"uKH. Emme no3quee (8—12-uacoBad uHKyOauua) 3epHa CuHero dbopma- 
Aa MOABJIAIOTCA B MpPOTOMMa3Me WBaHHOBCKOM KIeTKH B OOaCTH HeEKOTOPHIX 
bexpaToB PaxHBbe. 

IIpu pereHepallun WHTOXpOMOKCHa3a NOABJIAeCTCA B AKCOHA3 H MU9JIMHOBBIX 
btouKax IeHTPpaJIbHOrO OTpesKa y MecTa MoOBpexkyeHuA. Ee akTHBHOCTb 
pacTasla B TeveHve 10—15 jHet u ucuesaa uepes 1,5—2 mec. mocae noBpexye- 
H. B Tako xe y3Kol 30He (0,5—1 mm) mepudepuueckoro oTpesKa HepBa 3H- 

BBIABAJICA TOJIbKO B TeyeHHe 3 Heli Nocjle noBpexkjeHua. B mpomecce 
yOallu paHbllle BCero rpaHyJbI MHAO*eHOJa MOAB AIOTCA B SHOTEIMN Kallu- 
DOB, 3aTeM B KPYMHbIX KONOax pocTa H MO3MHEe B aKCOMAa3Me H MH3JIMHOBbIX 
UM BLIABIAVICA HeEMOCTOAHHO, a B TOHKHX MAKOTHBIX HW O€3MAKOTHBIX BOJIOK- 
Kk BOBCe He OOHapyxKuBaJica. 

B nepudepuueckom orpeske HepBa (HHOra HV B ILCHTPaJIbHOM) B Te¥eHHe Mep- 
3 [He rpabysibl HHLodeHoNa NOABIAJIMCb B MpOTOMMa3Me WIBaHHOBCKUX 
eTOK y TepexBaToB Paxusee. 

B TpaBMaTHyecKHX HeBpOMaX Y YeOBeKa 9H3HMM OOHAPYXKUBAJICA TOMbKO 
HKANMJIJIApax. 

B onmbirax C XpOHHYeCCKUM BeHO3HbIM 3aCTOeM HaGulofaerca OOMNIME KONIG 
cTa pa3HbIx pasMepos (Jo 50 B nove 3peHua, OK. 10, 06. 40). B oryeubHbix 
pITaX WHTOXPOMOKCH{a3a BbIABJIAAaCb B KPYMNHbIX KONIOaX poctTa axe Ha 
{ Mec. pereHepauuu (puc. 1)*. Bo Bcex ombirax C BeHO3HbIM 3aCTOeM Pe3KO 
DacTaJla aKTMBHOCTb (bepMeHTa B COcyfMCTOH ceTH (KalHJIJIApbl, CHHYO3HO 
PINMPeHHble KaMMJVJIAPbl, BEHYJIbI HW Jjaxe BeHbI). B MOMHOCTbIO HLIeEMH3Hpo- 
HOM OTpe3Ke HePpBa OTCYTCTBOBAJO  MOBbILIeHHe aKTMBHOCTH WHTOXPOM- 
PHla3bl MH OMHOBPeMEHHO OTCYTCTBOBAJIH NpH3HaKH pereHepallHy UU BaJlJIepOB- 
DH lereHepallun. 

| Uepe3 cyTKH rocue NOBpexKeHHA CYKUMHAernpasa NOABIANaCb B AKCOHAaX, 
Pe aKTHBHOCTb HapactaJla B MH9JIMHOBbIX OOONOUKAaX OTpe3ka HepBa (AJIMHOIO 
+3 MM) y MecTa HoBpexkyenua. Bce MH3JIMHOBbIe OOOJIOUKHN OKPalllWbaJIMcb 
pOee HHTCHCHBHBIM PO3OBbIM 1BeT. Bo MHOrMX BOJIOKHAaX (aKCOH H MH9JIMHOBaA 
DlouKa) MOABIAIHCb 3epHa cHHero qbopMa3aHa. B yuactKe nepndepnue- 
Dro oTpe3Ka, OOpallleHHOM K MeCTY TPaBMbI, B TeUeHHe HeAeM HaOsMOLaMCh 
AJIOTMUHbIe U3MeHeHHA (pvc. 2). KpacHblli (opMasaH BbIABJIAeTCA B MM9JIMHE 
DMOB JlereHepupyloulero BOJIOKHa, HO OTCYTCTBYeT B MpoToMMasme O1OHrHe- 
BBCKUX TAKE. 

|B meuTpasibHom u MepudepuuecKoM OTpeskKaX AKTHBHOCTb 9H3MMa HapactaeT 
poTomla3Me WIBAHHOBCKOM KJIeTKH HW B KOPOTKMX OTPeskKax OCeBOrO IMIMH Apa 
Ble tepexBaTtoB PansBbe (puc. 3). 

| AKTMBHOCTb 3H3MMa B IlCHTPaJIbHOM OTpe3Ke Y MeCTa NMOBpexkeHHA IIpo- 
WKaeT OCTABaTbCA BbICOKOM B TeyeHHe 1,5 Mec. Uepes 6—450 ane rpanyvibl 
Hero (opMa3aHa BUH B HOBOOOpasOBaHHbIX BOJIOKHAaX, B KO/OaX pocTa H 
poronmasme du6pobsactos (puc. 4). Uepes 2—3 mec. nocwe TpaBMbI yaeTcA 
€THTb JIMIIb Oouee MHTCHCHBHY!O POSOBYIO OKPaCKY MH9IMHOBBIX OOO0UeK 
HeppoMe, MepHdepuyecKoM oTpe3Ke H HeOO/JbUIOM yuacTKe IeHTpaJibHOrO 
beska Bose pyOma. B mpoecce HHKYOallHH paHbllle BCero M HanOoslee HHTeH- 
BHO OKpalllMBaIucb KpyMHble KoMObl pocta, 3aTeM MewIKHe KOJIObI pocTa H 
NCTBIC HOBOOOPaso0BaHHble BETOUKU HM y2Ke 3aTeM TOHKHe HOBOOOPas0BaHHble 
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eB HeEKOTOPBbIX OMbITAX AKTHBHOCTb 9H3HMa B He€PBHbIX BOJIOKHAX Oblula CHH>KeHa. 
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B TpapMaTuuecKHX HeBpoMax YelOBeKa (a TaK2Ke B KOPOTKOM OTPeske Hef 
y UX OCHOBaHHA) B Oomee APKUM POSOBHIM IBeT OKPalMBalOTCA MAKOTHBIC Ol} 
JIOUKH BOMOKOH. Tpanysbl CuHero (opMa3aHa MOABJIAIOTCA B KOIOaX poc’ 

IIlpu conocraBJieHHi MOJIYYeHHbIX JaHHbIX npexke BCero oOpamlaer Ha Cé| 
BHHMaHHe CoBlayeHve B JOKaIH3alvH WH XapakTepe H3MeCHeCHHH aKTHBHOCH 
JBYX H3Y4CHHBIX 9H3MMOB B HOPMAJIbHOM H MOBpe2KeHHOM HepBe. B MH9/IMHOER 
O6O/IOUKe HOPMaJIbHOrO HepBHOTO BOJIOKHa ylaeTCA BbIJeHTb [Be 30K; 
Bompwiad wacTb MH3MHOBOrO *yTApa XapakTepHsyeTcA MaJIOH AKTMBHOCT/E 
CYKUMHJeruipasb! (OsleHO-posopoe oKpaliMBaHue MvasMHa). Bropaa 3c 
jlokaM3yeTca y rlepexBaTos PaHBbe. 3yecb Ooslee aKTHBHBIM (epMeHT (CHH 
(bopMa3aH) BbIABJIAeTCA B MPOTOMMAa3Me WIBAHHOBCKOM KJIeTKM NO] HeBPHJI 
moi. [locuie TpaBMbI 3Ta 30Ha PacliMpAeTcA. OJHOBPeMeHHO 3ecb NOABIAe 
wuToxpomokcuyja3a. MoxHo Obiv10 Obl JOMYCTHTb, YTO HaJMYve BbICOKOAKTHB 
CYKUMHeruspasbl B STO 30He CBA3aHO C OOMeHOM LWIBaHHOBCKOli KJIeTKU 
TakoBol. Ho MpoTuB 3TOTO CBUAETEMbCTBYET TOT (aKT, YTO B Wpolecce BasMEep 
CKO JereHepalluv C HCUe3HOBCHHeEM MH9JIMHa MH aKCOHA 9H3MM MepecTaeT BBI! 
JIATbCA B WIBAHHOBCKOH KJleTKe. Bplcokad aKTHBHOCTb (ePpMeHTOB CYKILMHHOK' 
yasHol CucTeMbl B OGacTH MepexBaToB PaHBbe HaXOJMTCA B COOTBETCTBUM 
3HaueHueM, KOTOPOe MpHAaBasocb 3THM yUAaCTKaM HepBHOFO BOOKHA (1°) cI 
MeHTa UX OTKPBbITHA. 

Ilpu pereHepaltuH akTHBHOCTb OOOMX KOMMOHEHTOB CYKIMMHOKCHa3HOH i 
CTeMbI pe3KO HapacTaeT KaK pa3 B TeX OTJeaX HepBHOTO BOJIOKHa, B KOTOPI 
IIPOHCXOAMT OOpas0BaHHe HOBHIX HeEPBHbIX BeTBeli*. B ycOBHAX MINeMHM, KONE 
HeT IIpH3HaKOB pereHepallMH aKCOHOB, MOBpexkeHHbIe BOJIOKHa He OKpall 
BaroTca mo Metony Tpedda. B ycuoBHAX 3aTAHYBIUJeHCA pereHepalluH WHTOXpte 
OKCHla3a BbIABJIAeTCA Jake Ha 6-H Mec. nocsie TpaBMbI. TaKHM OOpa3oM, ak’§ 
BU3allMA Tpolecca OnoMOrMyuecKOrO OKHCJIeHHA COBNaaer ToMorpaduyec 
M BO BP€MeHH C IIpoOleccoM yCHJIeHHOrO HOBOOOpa30BaHHA BelllecTBa aKCOMIa3 fh 
IIpH pereHepayuu. B sro 2%e 30He HapacTaeT aKTHBHOCTb KuCJION coccomolsi 
actepa3pl (*). 1 

B o6njemM Bue Noox*KeHHe O CBA8H WbIXAHHA C MpoleccoM pereHepallHn tp 
myeu3BecTHo (°). TlonyueHHbie Hamu (bakTbI MO3BOIAIOT CChOPpMYJMPOBaTh TO.f 
*KeHHe O CBA3H MOBbIWICHHA AKTHBHOCTH CYKIMMHOKCHa3HOH CHCTeMbI C MIpory 
caMH pocTa B aKCOlJla3Me pereHepupylollero HepBHOrFO BOJIOKHAa. H 

Bossppallascb K MpeANOCbIIKaM, ABHBIHMCA HCXOMHbIM MYHKTOM HacTOsAILe 
CTaTbH, MOXHO CeNaTb Culexyroulee Nomyujenue. Ec cripaBeJIMBa MBICJIb, tf 
Mp pereHepallM MpOMCXOAMT aKTUBH3SALMA Kak pa3 TeX OOMEHHBIX Mporeccis 
KOTOpble B HOPMe OGeCHeuHBalOT OOHOBJIEHHE BeILeCTBA AKCOMMAa3MbI H MHI 
BbIX OOOOUeK, TO, NO-BAMMOMY, CYKUMHOKCHa3Had CHCTeMa B HOpMaJIbH| 
HePBHOM BOJIOKHe HMeeT TIPAMOe OTHOIWeHHe K 3THM Mporeccam. 

IIpumMeHeHve rvcTOXMMMYeCKHX MeTOJOB NO3BONHIO BbIABHTb HeKOTOD} 
3aKOHOMEPHOCTH, OHH 3 KOTOPbIX HaXOLAT MeCTO B CHCTeMe (baKTOB, JOObIT fl 
HeliporucTrosormeH, Tora Kak Apyrve TpeOyror abHelimel pacwimdposrt 
K 3aKOHOMEPHOCTAM BTOPOrO Poa OTHOCHTCA NOBBILIeHHe AKTHBHOCTH Cocy)} 
CTO WMTOXPOMOKCHa3bI TPH BeHOSHOM 3acTOe, 4TO UMeeT, TIO-BAMMOMY, KC 
NeHCaTOpHbIM XapaktTep. f 

Hamu nlogMevena CBA3b M@KLY CKOPOCTbIO BLIABJICHHA SHSHMOB CYKUMHOK() 
Wa3HOM CHCTeMbI HM TOJMMHOH pereHepHpyrollMx BOOKOH. Yunteipaa aHHie 
Hlopuca (*), OTMeYeHHYIO BBILIe 3ABHCHMOCTb MOXKHO TpelnosoxUTeEMbHO ch 
MYJIMPOBaTb B CJleyIOUleM Bue: AaKTHBHOCTh depMeHTOB CyKIMHOKcULasHe 
CHCTeMbI TeM BbIlle, YeM TOJIMe pereHepupyrollee BOOKHO WIM em Gobi 
Macca aKCOIJIa3MbI B KOJIOe Ha KOHILe BOJIOKHA. | 

TloppiieHne akTHBHOcTH (PepMeHTOB CYKIMHOKCHa3HOl CHCTeMBbI B TepHcl 
PHYeCKOM OTPe3Ke Y MeCTa TPaBMbIl HAXOJIMTCA B COOTBETCTBHH C aHHbIMH | 
O ABJICHHAX arOHaJIbHOH pereHepalluu B STO 30He. 


“ [[penapatst napadvietbHo wMmpernupopasuch mo Buabiiosccomy —Ipoc uan Ki 
mocy. } 
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Puc. 4 Puc. 2 


Puc. 1. Lutoxpomoxkcuyasa B Kom6e pocTa Ha LWeCTOH MeCALL B OMbITe C BEHOSHBIM 3aCTOeM. 
Oxy los 064 20>< 


Puc. 2. Iloppiuenve akTHBHOCTH CyKIMHeruypa3sbl B yuacTKe MepHdepHuecKkoro OTpesKa HepBa, 
oO6pallleHHOM K MeCTy TpaBMBI, yepe3 3 cyTOK Nocwie noppexkeHHA. Ox. 5, 06. 10 (anoxp.) 


Puce. 3 Puce. 4 


Puc. 3. CyKmqunyernypasa B MpoTona3Me WBaHHOBCKHX KJIeTOK H B OCeBOMLMIMHApe y Nepexpata 
Pansbe. Ilepucbepuueckuii oTpesokK CejaJIMMHOrO HepBa KpOIHKa Yepes CyTKH Mocwe NepepeskH. 
Ox. 10, 06. 60 (amoxp.) 

Puc. 4. CykuHHsernspasa BruranTCKHXx oe foes Ha 45 jenb pereHepauun. Ox. 10, 06. 10 

anoxp. 
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AKTHBHOCTb 9H3MMOB CYKI[MHOKCHa3HOl CuCTeMbI (a TakxKe KUCJOLI cpoccpo- 
oHOscTepasbl (*, °) HanOomee BbICOKa B KONOaX Ha KOHWAX pereHepupyoulnx 
oIOKOH. Bompoc 0 mpupoje stTux O6pas0BaHHli pelllaerca B JINTepaType B ABYX 
HaMeTpaJIbHO MPOTHBONOMOXKHIX HalpaBJIeHHAX (KOMObI pocta, KOJObI 3a- 
ep2xkKu pocta). Pamou-n-Kaxauib CuHTaeT MeJIKHe KOJObI MOKa3aTeJIeEM BbICOKUX 
OTeHUMH K pocTy, a Kpynuble M rHraHTCKNe KOJIObI — BbIPaxKeHHeM 3ajlepx- 
<M, HapylleHHA poctTa BOJOKHAa. 

Bpx AM JonycTuMo, Kak 9TO HepeAKO JeaeTcx, OObeAMHEHHe B OJHOM Tep- 
MHE «pOCT» J[BYX NOHATHH: POCT B CMbICJIe HOBOOOPa3s0BaHHA BelleCcTBa aKCO- 
Jla3MbI HM POCT B CMbICJIe MpopacTaHuA BOWOKHA. B HalliMx oMbirax C BeHO3HBIM 
acTOeM JVIMTeJIbHaA AHOKCeEMUA UMevIa CJIECTBHeM O6pas0BaHHe Oo/IbUIOrO UuCa 
on6. B sux KovlOax Oblia O6Hapy2KeHa aKTHBHAA IWLHTOXpoMOKCHa3a H KHCan 
ocaTasa M Oblia HaJIMLO MpHObIIb BelleCTBa aKCOMNNAa3MbI, T. e. HaGOMaIcAa 
CHJICHHBIH pocT. OWHaKO Hapsy Cc 9THM Obs, 1O-BHAMMOMY, HapyleH mporecc 
popacTaHuaA HeEpBHOPO BOOKHA, MOCKOJIbKY OOpa3yroulaAcaA akcomla3Ma MWIOXO 

DaCXOMOBaaCh Ha HOBOOOPasoOBaHHe WIM YAJIMHeHHe yxKe OOpasOBaHHbIX HepB- 
HBIX BETOUEK. 
_ Ecum MoBbilieHve aKTHBHOCTH CYKIIMHervspasbl, WMTOXPOMOKCHa3bl MW KHC- 
not tbocomonoscTepasbl elCTBUTeIbHO COMYTCTBYeT YCHJIGHHOMY HOBOOOpa3o- 
3AHHIO BelleCTBa AKCOMIa3MbI, TO BeCbMa BbICOKAA AKTHBHOCTb 93THX 93H3H- 
MOB B KOJIOaX pa3HbIX pa3MePOB B COBOKYNHOCTH C (aKTOM KOHILeHTpalluu 
3HAYMTEJIbHbIX MACC aKCOMMa3Mbl B OJHOM IIYHKTe HepBHOrO BOJIOKHAa CJTy KUT 
WOKA3aTeJIbCTBOM TOTO, YTO KOJObI ABJIAIOTCA 30HOM YCHJIEHHOrO pocTa. 


HosocvOupcKHit HayuHO-HCCIeqOBaTeIbCKHIt Tlocrynuuio 
HHCTHTYT OPTOMeHU, TpaBMaTOJIOrHH 2f VALU A9a7 
HM BOCCTAHOBHTeIbHOH XUpypruu 
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r. A. COKOJIOBA u FO. HW. COPOKHH 


ONPEAEJIEHHE HHTEHCHBHOCTH BAKTEPHAJIBHOTO 
BOCCTAHOBJIEHUA CYJIb®ATOB B FPYHTAX FOPbKOBCKOTLO ) 
BOJOXPAHHJIMLA C MPHMEHEHHEM S* : | 


(IIpedcmaea2Ho akademuxom B. H. Lllanownuxoeom 19 II 1957) 


IIpomecc 6akTepHasbHOro BOCCTaHOBJICHHA CYIb(PpaTOB B BOMOeMAX ABJIACTCH) 
MpH4HHOH OOpa30BaHHA OOJIbIIMX KOJIMYeCTB CepoBOfoposa, 4TO OKa3bIBaelp 
CYULeCTBeHHOe BJIMAHHe Ha UX MKM3Hb. Kak BbITeKaeT H3 CYWHOCTH CaMOrch 
mpomecca OakTepvalbHou cymbcaTpexyKUMH, OCHOBHLIMH YCJIOBMAMH, GOvlaro-Jf 
IIPHATCTBYIOMLMMH MpOTeKaHHio STOTO Mpollecca, ABJIAIOTCA: HaMUNe Cy baTosB.y 
HasiMuHe MocrynmHoro opraHuyueckoro MaTepHadla HU aHadpoOuble YCJIOBHA B BO-* 
yjoeme. I 

B HacTosulee BpeMA pacnpocTpaHeHHe 2THX OPraHH3MOB OcTaTOUHO NOHO 
W3y4eHO B OCHOBHOM B BOfOeMaX, COJepxKalllHX 3HAUHTeIbHbIe KOJIMUeCTBAlE: 
CyIb(paTOB: B MOPSAX, COJIEHBIX O3epax (1) H MpeCHbIX BOMOeMaX C NOATOKOM CyJIby 
(paTHEIx Box (*). B wax TaKUX BOMOeMOB COJepxUTCA MHOrO CepoBosoposa. Tak ,B 
B 03. Benopoxb, mo aHHbIM Ky3Hetlopa, B Hy OOHapyxeHo 714 mr/m cepoBo-f 
jopogza. B MopcKHx Max H B WJlaX CO/eHEIX O3ep KOMMYeCTBO LecysbUup IOWA. 
OakTepuit MocTuraeT BeIMYMH NOpAAKa HECKOJbKHX TbICAY WH MUJIIHOHOB B | rif 
cbiporo usta. Uro Ke KacaeTCA MpeCHbIX BOLOeMOB, TO H3 JIMTepaTYPHbIX aHHbIX} 


OaKTepHH pacmpocTpaHeHb! MaJlO, H HM OTBOAMTCA BTOpOCTeleHHOe MeCTO B OO-{ 
pasoBpaHHH cepoBozopona (*). 

Ilpu usyyenun PpiOnecKoro BOMOXpaHHJinia HU OOpasoBaBuleroca B 1956 r.|) 
TopbkoBckoro BOLOXpaHUWJIMIa MbI OOHApyXHIM, 4YTO, HECMOTpaA Ha CpaBHU-f 
TeJIbHO HeBbICOKOe COfepxKaHHe CyJIbPaTOB, WJIbI STHX MOJIOAbIX BOOeMOB CO-{ 
epxkaT MHOFO CepoOBOROpONa HM B HUX B 3HAYHTEJIbHBIX KOJIMUECTBAX BCTPeualorTcs | 
mecybpupyroulve Oakrepun. B PriOuncKoM BOMOXpaHHHile Oblla ycTaHoBseHale 
KOJIMYeCTBEHHaA 3aBHCHMOCTb COJepKaHHA CepoBOMOpoORa B UlaxX OT HaMUMAlE 
MecyIbtpUpyioulUux OakTepHii HM OblNO BbIACHEHO, TO CepOBOMOPON OSpasyerca 3a}. 
cueT mpomecca Jecyppypusauun (*). ToppKosckoe BoxoxpaHusuile TakxKe xa-h 
pakTepu3yerca HeOOJIbUIMM COJepxXaHNeM CyJb(PaTOB B BOMe H PPyHTaXx, HO OHO[ 
oTuMyaetca or PrlOuHCKOrO BOOXpaHMJIMNa TeM, TO B HacTOMMee BpeMA Ha-| 
XOMUMTCA B CTaqHH (OpMUpoBaHHA MH ero CBerKeocaxKTeHHble WIbI OoraTbl erKol 
yCBOAeMbIM OpraHuueckuM MaTepHasiom. VutTepecno 6ni0 ompeyenuTb, Kak} 
3flecb UleT Mpolecc cybpPaTpeLyKUMU, HM CpaBHHTb C MHTCHCHBHOCTHIO Mpomecca 
B BOMoeMaxX C OOJIbINMM cCOJepxKaHueM cyvbParTos. | 

J\na ompeyeeHua MHTeCHCHBHOCTH Mpowecca Oba MpHMeHeHa Uu30TOTHaA} 
MeTOAMKa, B MpHHIMNe CxOAHaA C MeTOJOM, MpeqvioxKeHHEIM MBanospm (4). Cyn 
HOCTb ee 3aKJIOUaeTA B CeLyouleM. B un ROOaBAAeTCA cymbibaT, MeUeHHBIL MoM, 
cepe. B mpomecce OakTepHabHoro BoccTaHoBeHuA S*> 3 cybbaToB rlepexo- 
AUT B CybPpusbI. OTorHas cepoBofxopok Hu onpeseiuB B HeM akTuBHOCTD S35, P 
MOXKHO PaCCuMTaTb, KaKOe KOMMYeCTBO CepoBOMOpOka OOpasoBasocb us Cyb(pa- h 
TOB 3a BpeMa onbiTa. B mpoOupky emkocrTbio 40 Ma BHocuan 10 r cBIporo ual 
uw 1 Mi payuoaktuBuoro pactBopa Na,S*°Q,, qomuBasa opepxy Bonoli, mMUeHHO:) 
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KMCOpOfa MpeABapHTeJIbHBIM KHNAYeHHeM HM WOOaBJeHHeM cyJbdusa HaTpua, 
MJIOTHO 3aKPbIBaIH pesHHOBOH mpoOKoH. Iloce uerbipex. WHeli HHKYyOaluu 
SepOBOAOpOL B MpoOupKe CBASHIBAJICA B Bue cybduya HaTpuA oOaBseHveM 
MJ Kpelkol meoun. B TakoM Bue MpOOUPKU MpHBOsHIUCh B NaOopaToput. 
JaOopaTOpHM W3 COfepxXUMOTO MpOOUPOK NpOBOAMacb OTTOHKA CepoBOO- 
pofa. CepoBpoxopoy, OTTOHAJICA 3 MOAKMCMeHHOTO Hla B CielMasbHOM mpH6ope 
WJIbHbIM TOKOM pa3pexKeHHOrO BO3AyXa B NMOFIOTHTeb co memoub1o. M3 norso- 
THTCJIA UeOUb C PaCTBOPCHHEIM B Heli CepOBOLOpOOM MepeHocuuach B KONOY, 
re CepoBoxopox ocaxklaica B Bue CuS, KoTOpbIi 3aTeM OT(PHTPOBLIBAIICA 
epes MemMOpaHHbid (busbTp. DunbTpbl c ocaykom CuS nomellaimcb nox 
yeTUHK JIA ONpefesleHuA palMOaKTHBHOCTH cepoBosopofa, ob6pas0BaB- 
erocA IIpH BOCCTAHOBJICHHM CYJIbpaToB. | 

KoumuyecTBo cepoBofoposa, o6pa30BaBilleroca 3a CYTKH, BbIYHCJIAIOCb UCXO- 
A U3 BeJIMUHHbI PalMOaKkTHBHOCTH OcayKa CuS B umn/J (7), oO6mleH paquoaKTHB- 
OCTH BHeECeHHOrO cyJIbdata B UMN/ (R) HM comepxKaHHA cysbdPaTow B MJY B 
r/m (Kgso,) 10 dopmyvie: 


K " Bi aid k 

| : (H.S] = SO4 Mr/JL CYTKH, 

) eee SRE 

tne T — spema onpita, k — KoacdullMenT Mepecuera cepbl cysbiaToB Ha cepo- 


BOJOpoL. 

O6wjaa aKTHBHOCTh R BEIUNCIANACb MYTeM OMpeseeHHA pawNOakTHBHOCTH 
onpejleseHHOro O6beMa BbINapeHHOM KUHAKOCTH. CosepxaHne cybPaTow B MY 
aHaJIM3MPOBaJIOCb BeCOBbIM MeTOJIOM. YuerT Jecyibdupyrowux OakTepnl mpous- 
BOJMJICA MOCeBOM HJia B pasBeyeHuax 1: 1000 u 1: 4000 Ha maKtaTHyto arapn3o- 
BaHHYytO cCpely, B KOTOPy1o Mepex MoceBoM BHOCHJICHA cysbdpuy HaTpusa. JLisa BbI- 
ABJICHHA THOHOBBIX OakTepHH MpOM3BOMJIMCb NOCeBbI Ha Cpefly WIA THOHOBBIX 
C THMOCYJIbUTOM M3 Tex %e pasBefeHul. Uepes 2 HesemM onpefedaOcb copep- 
KaHHe FHMOCYJIb*PUTA B KOHTPOJIbHbIX — CTePHJIbHbIX KOOaX HM 3aCeAHHBIX KOMI- 
6aX HU PaCCUHTHIBANOCh KOJHUeCTBO OOPas0BaBLUUXCA CYJIbPaTOB MO KOJIMYeECTBY 
noTpeOmeHHOrO runocysbdputa, no Popmysie: 2Na,S,03-+ O.—> 2 Na,SO, + 2S. 


Ta6auna 1 


OnpefeneHue BeJMYHNBI CyTOUHOFO BOCCTAHOBJCHHA CysbiaToB, cosepxKanuA Jecybpupyro- 
WMX OakTepHi u cepceoxopofza B rpyHtax TopbKoBcKoro Boxoxpanusumla 


4 re aes a MHTeHCHBHOCTb O6pas0BaHuR 
dome om 5 cepoBomopona 
26 5.| EHS ; * 
= XapaktTep rpyHta 5 a2 5 Rs g & S 5 eS 
=i ZG m ® mn 4 2 5 s 
x = 2 HAO i pa gS - 
Oo 5 Pas} ore 7 Si . (vp) 
5 See) | CORD Farge aimee 
4 YeitTph usm (moBepxH. coh) 363 | 54,2] 76,2) 570 {4213000} 1,43 
1 Kester un (ropu3sout 15 cm) — 6,4] 66 570 | 825000} 0,85 
3 Ceppili ua (moBepxH. CvI0i) 20 | 87,6/4115,3} 570 | 677800} 1, 22- 
3 Ceppit um (ropusoHT 15 cm) — 38,4] 80,2} 570 | 970800} 1,21 
6 SavJIeHHbIM MecoK — — | 32,8] 570 | 157000} 0,08 
8 Ceppit Hu 44-1 65,1) 45,5: 570 |2377000)- 1, 22 
14 Tlousa c ocraTKamu pacTutembHocTu| 910} 23,5} 61 570. | 184800} 0,17 
12 Tlousa c ocraTKamu pacTuTempuoctu | 1860 | 124 32,8] 570 93400; 0,04 
“Tapuuxa| Ceppiit ut (mOBepxH. cvloi) a age, | Galesy 570 {4435000} 2,94 
‘Tapyuxa| Ceppiit um (ropusont 15 cm) — | 288 91,5} 570 } 536000} 0,76 


PesysbTaTbl BCeX aHaJIH30B NpecTaBJeHbl B TaO. 1. OHM NoKasbIBaloT, YTO 
Ipowecc pelyKUMU Cysb*aTOB NpoTeKaeT TaM BECbMa aKTHBHO. B cBexeocarxeH- 
{bIX HJIOBbIX OTJIOXKEHUAX 3a CUeT JecyAbypusaluu B cyTKU COpasyetca 1,4— 
),8 mr/m cepopogopoyza. HanOobiiad HHTCHCHBHOCTb BOCCTAHOBJICHUA cysbipa- 
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TOB HaO/IOaeTCA B MOBEPXHOCTHOM Cyl0e Mla B 3aTOHe Crapunxa. B noupax If 
mlecKax Mpotlecc Het C MeHbilleli cKopocTbio (0,08—0,04 mr/a cepoBoopoa) i 
B Boyloemax C OOJIbINMM CogepxKaHnem cysbdatos (oKo10 650 mr SO! Ha | a1)}) 


KaK NloKa3asiH uccsleqoBaHua Mpanora (*), Mecyibpypusalua UeT B eCATKIF 
pa3 MeyWieHHee, H HaHuOoubulad CKOpOCTb OOpa3z0BaHHs CepoBogoposa (0,12 mr/a ( 
HaOmoaerca B rtyOOKOBOAHOM yacTH O3epa. ABTOp OObACHAeT 3TO HEMOCTATKO) 
JocTymHoro opraHHyeckoro BellecTBa. 7 

KosnuyectBo fecymbdpupyroulux OakTepHi HeMOCTOAHHO B TeYeHHe Ce30Ha 1h) 
HepaBHOMepHO paciipefeieHo M0 OTeJIbHBIM YUAaCTKaM BOMOXpaHHua. Ha HeKOlE 
TOPbIX CTAHWMAX OblI0 HalieHo Wo 1800 ThIc. GakTepHl B 1 r uaa. Takne Oomb it 
He BeJIMYHHDI He Obl OOHapy2KeHbl HH B OJHOM H3 IIpeCHbIX BONOeCMOB H COOT I 
BETCTBYIOT COJep2KaHHio OakTepHi B MJY COJIOHOBATHIX O3eP, Te Mpollecc pelyKy 
IH Cysb(aToR MpoTeKaeT BeCbMa aKTHBHO. OfHaKO, CaMO M0 cede KOJIMYECTBIE 
OakTepuli Ges yueTa Apyrux (akTOpOB MaJIO YTO TOBOPHT OO HHTEHCMBHOCTH IPO ff 
iecca, H MOMbITKH XapakTepH30BaTb IIpOTeKaHHe Mpollecca B eECTECTBEHHBIX YCJIO ff 
BUAX TOJbKO MO KOMM¥eCTBY OOHApyxXeHHbIX OakTepHi He BCera OplBaloT yay} 
HpIMM. B JaHHoM cjlyuae UX pacnpeeseHve MO CTAaHIMAM BOMOXPaHUJMIa HYy 
COOTBETCTBYeT HalieHHbIM BeJIMYHHAM HHTCHCHBHOCTH BOCCTAHOBJIeCHHA Cy Ibpaye 
TOB. | 
Vanni Toppkosckoro BoxoxpaHuJMila CoepxaT B cpeqHem 50—80 mr/u cepo# 
BOJOpoda. CpaBHUTeIbHO HeBbICOKOe COseprxKaHHe CepoBOOpOAa, HECMOTPH Hi) 
aKTHBHbIM mpollece ecybpypH3aluu, MOXHO OObACHUTH CJIeLYIOULMMH TpHuns 
HaMH: Kak OblvIO CKa3aHO, HJIbl BOMOXPaHHJIMUla HaXOJATCA B CTasuu PopmMupo ft 
BaHHA, HW OOPasyiOllHeCA MPOYKTbI WKU3HeMeATeJIbHOCTH HE HaKAalWIHBAaIOTCA, ee 
ubbyHqupyioT B BOAHY!O Maccy. Kpome Toro, BcJecTBHe HeOobINMX ryOHED 
yYacTO IPOHCXOMUNT MepeMelUMBaHHe TOIL BOAbI NO Ha, H CepoBoopol OKUC-# 
JIAeCTCA. 

KommuectTBo cysbiaToB B rpyHTaX HeBeJIHKO, OHO KOJeOJleTCA B Mpememare 
32—135 mr/a SO”. Onpitbl noka3aJiv, YTO IPH BbICeBe M3 FpyHTOB Ha MUTaTeJb | 
HYy!0 Cpejly BO BCex CJly¥aAX HaOOaOcb pa3BHTHe THOHOBbIX OakTepHi, compo} 
BOK TaBleeca OOpasoBaHheM CysibdaTos. B KyJIbTypax, NOJIY4eHHbIX IPH BbICeBEs 
M3 XKeJITHIX H CepbIX HOB, 3a 15 THe ONbITa OOpas0Bas0cb OKOIO 2000 M/rat cyby 
(paToB, IIpH BbICeBe H3 MeCKOB H MOYB HeCKOJIbKO MeHbule —oKkos0 1300 mr/si 
SO). Haylo nojaraTb, YTO HM B BOMOeMe MpPOHCXOAHT NOcTOAHHad pereHepalusyh 


CybaToB 3a CueT JeATEJIbHOCTH THOHOBBIX OakTepHit. K oneHKe HHTCEHCHBHOCTES 
OMOOrMYeCKUX MpPOMeCCOB HEMb3A MOAXOAUTh HCXOAA U3 aOcoOTHOrO cosepxKat 
HHA TOrO WIM HHOFO BelllecTBa, YYaCTBYIOWWTO B OHOMOrMYeCKOM KPyroBopore 
BellecTB. AOCOJIOTHbIEC KOJIMYCCTBA STHX BeULeECTB ABJIAIOTCA pesyJIbTHPyroUlerp 
BeJHUMHON Mpoleccos HX paciaja U CHHTe3a. OTH COOOparxkeHHA MOXKHO OTHECTYS 
He TOJIbKO K CyJIbbaTpeYKUMH, HO HW K JeHHTpHduKalun, HATPUduKaluN, pos 
WeccaM OKHCJIEHHA MeTaHa HM BOMOpONa U K PAY Apyrux GakTepMasbHbIX Mmpo-} 
IleCCOB. i} 

TlonyueHHbie JaHHble NOKasbIBalOT, YTO B HJIOBbIX OTJIOXKCHUAX BHOBb CO3aHs 
HbIX BOOXPaHHJIMI Oy eT AKTHBHO MIPOXOAUTb Mpolecc OOpasoBaHusAa CepoBoO-| 
pola 3a CYeT BOCCTAHOBJIeCHHA CyJIbaToB. BeposTHo, uTo HakonmeHua cepo%y 


BOJOpOda B UlaxX OyeT OKAaSbIBATb OTPHWaTebHOe BIMAHHe Ha 3HMHUM KUCIO} 
POWHbIH pexHM BOOeMOB. i 


As 


UnctutyT Ouosorud BosoxpanuaHuy Tocrynuso 
Axajlemuu Hayk CCCP loll 195% 


UHMTHPOBAHHAS JIMTEPATYPA 
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MHKPOBHOJOLHA 
B. A. CMHMPHOBA 7 aie 1a a 


O ®OPMHPOBAHHH MAJOUKOBUAHOM YACTHILbI BUPYCA 
TABAYUHON MO3SAHKH 


(I1pedcmasaeno axademuxom A. JI. Kypcanoseim 12 VIII 1957) 


_ Hecmorpsa Ha MHOxKecTBO paOOT, NPAMO HJIM KOCBEHHO CBA3AHHbIX C H3yye- 
WeM pellposyKIMH Bupyca TadayHOk MosauKu (BTM), mpomecc sToT Bce elle HE 
acKpbIT. C MOMeHTa HacTYIVIeHUA JlaTeHTHOrO MepHoa, pH KOTOPOM BUpyc 
(ak Obl Uucue3ZaeT, HM JO MOABJICHHA XOPOLWIO H3BeECTHBIX NaJOUKOBUAHBIX WacTHIl, 
BOHCTBa BUpyca HM ero MOpPoJOrHA OCTaIOTCH HeH3BeCTHBIMH. 

OueBujiHO 9TO CBA3aHO C MeTOJMYeCKUMM TPyAHOCTAMM uccuIesoBaHua. Pa- 
OTLI, IIPOBOAUMbIe C SKCTPaKTaMM W3 HeaBHO 3apaxKeHHbIX YYACTKOB pacTeHuit 
'-5) we JaloT HCYepMbIBalollero OTBETA, TAK Kak rpyOoe paspyilleHwe KeTOUHBIX 
TPYKTYP, B Mpolecce MpHroTOBJeHHA SKCTPakTa, NO-BUMMOMYy IIPHBOAMT HM 
< paspyllenu1o HecPOpMMpOBaBIIMXCA B Ma/IOUKOBHAHYIO YacTHUy 9/1eMeHTOB 
sapyca. B pesyJbTaTe OJ, 2IeKTPpOHHbIM MHKPOCKONOM MO?KHO HaOs0aTb WIM 
jOJIbIUOe KOJIMYeCTBO 3ePHHCTOCTH (°), WIM MaJOUKOBHHbIe YaCTHIpl Ooulee 
iNM MeHee OObIUHOM (hopMbI (’). 
 Bowtee athbekTuBHbIM MeTOJIOM [VIX H3yYeHUA CTAHOBJIeHHA BAPYCHOH Yac- 
Wllbl ABJIAeETCA HCCIeOBaHve KJIETKU Ha YJIbTPaTOHKUX Cpe3ax B HavaJIbHOM 
lepHoyle 3apaxkeHuA, HO JIA 9TOrO HeEOOXOAHMO MMeTb TKaHb, 6oraTy10 TaKMMU 
leTKaMH. 

Tipu ucciemopanuu pacmpeseieHuaA MaslOUKOBMAHBIX YacTHIL BTM B Bereta- 
BHOii NouKe GOOJIbHbIX TOMAaTOB HaMu OblWwIO MoKa3aHO (°), ¥TO BepxyllieyHaA 
fepucTeMa [IpakTH¥ecKH cCBOOOMHA OT MaOUKOBHAHBIX YacTHll, NoceHHe 
\OHAPyXKUBaIOTCA, Cpasy B OOJIbINNX KOJIMYeCTBAX, B alluKaJIbHOK uacTH BTOporo 
1T TOUKH pocta JIMCTA. 

[Ipwroropias MocefOBaTeIbHO Cpe3bl OT HMKHEH YacTH JMCTA, cocTosleH 
18 KNleTOK MepHcTremaTMuecKOlt MapeHXMMbl, B KOTOPOH HeT MaslOUKOBHAHBIX 
iacTUI, K BePXYyllKe JMcTa, B AuddepeHUNPOBaHHDIX KJleTKaX KOTOpOH NaloueK 
3TM oueHb MHOrO, Yaloch OOHapyXHTb 3OHY C OOJIbIIMM KOJIM4eCTBOM BHOBb 
IHCPUUMPOBAHHBIX K/eTOK, Fe HaOMOLaMCb CTPYKTYPbI, NOSBOMAIOINMe TPakTO- 
3ATb HX KaK CTaquH (OpMHPOBaHHA MaJIOUKOBMAHHIX YacTHIl. 

TocemopaTesbHOCTh KapTHH, OTKPbIBaIOIIMXCA MO Mepe Pe3KH JIMCTAa CHUSY 
3BEPX, JIOMyCKaeT BO3MOXKHOCTh NpeCTaBUTb, C OoMbWIOH Woe BepoATHOCTH, 
Ipolecc MOpMHpoBaHHA WasOUKOBHAHbIX YacTHIL. 

Ha puc. | cxemaTHueckH MIpHBeeHbI XapakTepHbIe (POPMbI OTJeJbHbIX CTPyK- 
‘YP, BbIeeHHbIe U3 HECKOMbKUX COTeH CTPYKTYP, 3APHCOBaHHDIX C PaSHbIX TPC- 
lapaToB, HM paciOJIOx%KeHHble B COOTBETCTBYIOULEM «cTaluiHom» mopaaKe. (Sapu- 
‘OBKa IIPOH3BOLMJaCb C HeraTHBOB IIpH yBeMYeHHH B 70 000 pas.) 3apucoBaHuble 
TPYKTYPbI NoyTBepxKaioTca choTorpapuAmMH M3 TeX 2%Ke CaMbIX HIM CXOANPIX 
loleli 3PCHHA, CHATHIX TaK»Ke IPH YBeJIMYCHHH B 70000 pas (puc. 2). Undpet 
1a CXeMe HM Ha CHUMKaX COOTBETCTBYIOT OHO3HAUHBIM (opMaM. 

Matepuas M MeTOX MpHTOTOBAeHNA MpeMapaToB AVIA I1eKTPOHHOFO MUKpo- 
KONA IIPHMeHAJIMCb Te 2%e, YTO HM B MpeMbIMYUIMX UCCMeNOBAHHAX (Ge) 

Kak ynomunasocb, B MepucTeMe TOYeK pocTa OlpeseseHHOH pasHulbl Mexk]Ly 


\OJIbHbIMH Hi 3]2,0PpOBbIMU 9K3eMILVJIApaMu yCTaHOBUTb He yMaetcsH. Tlepspie ITIpH- 
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3HaKH aHOMAJIMM B OOJIbHBIX OOpasilax OblJIM OOHAPYKeHbl -B :KJleTKAaX Oa3aJIbi 
yaCTH BTOPbIX JuCcTbeB. B HeKOTOPbIX M3 HUX BOJIM3H Apa OTMeNasOCb CKOIL 
Hie IWapOBAYHBIX Teel, BEIMYHHAa KOTOPLIX Bapbupyer. B Oomee KPYIHBIX TE) 
WlaX WHOFa MOXKHO paCCMOTPeTb HECKOJIbKO COCTABJIAION[HX UX cyOpequH 
B nocwelyiouux cpesax KOJIMYeCTBO 3ePHUCTHIX OOpasOBaHuH B KJCTER 
BO3pacTaeT, OHH BCTPeyaloTCA y2Ke He TOJIbKO Bosse AMep, HO HW IO BCEH MOJ1OGHS 
KJIeTKH. j 
B KjlerKax BCeX 30H BTOPbIX JIMCTbeB 30POBbIX OOpPasllOB Take BCTPedae? 
3ePHHCTOCTb, HO XapaKTep ee MHOH, H KOJIMYeCTBO, OyY4UM HeCpaBHUMO Me} 
WWMM, He H3MeHAeTA B KJleTKaX BCeX 30H JIMCTa OT Oa3aJIbHOK YaCTH TO ero B® 


Aa Away 
aa MEN. 
HL MSS Ze 


10 10 eS 2a 
A fe 


Puc. 1 


XYIIKH. OTa 3e€PHHCTOCTb COCTOHT, TIaBHbIM OOpa3o0M, H3 pa3HbIX MO BeJIMUME 
WM (opMe uacTHL, KOTOpble COOHpaloTca OeccTPyKTYPHbIMH MaccaMH. Bo3MO%KK 
yTO B ee OOPa30BaHHH YUuaCTBYIOT TBepble OCTATKH KJIeTOUHOFO COKa. 
Be3ycJIOBHO, YaCTb 3€PHHCTOCTH B OOJIBHBIX KJIeTKaX — TOrO Ke MpOMcy 
2KJCHUA, HO OHA JOBOJIbHO JI€ErKO OTJIMUHMA OT CepH4ecKUX Tesell, cued 
yecKHX JIA WHPUUNPOBaHHOM KJIeTKH. i 
B HeKOTOpbIX KJleTKaX OOJIDHDIX JIMCTbEB, B OoJIee BLICOKO PacIOJIO%KeHHE 
yuacTKaxX MepHCTeMaTHYeCKOM NWapeHXHMbl, 3CPHHCTOCTH TaK MHOFO, 4TO Td 
CKOCTb Cpe3a OblBaeT WeJIMKOM 3aHsiTa ero (pu. 2, a). Temblla, cocTaBs Aron! 
3CPHHCTOCTb, HM B STHX CilyYadX He BMOMHE TOMOTeHHBI. Bosee MeJKHil 
m0 [WaMeTpy MeHbille NoMepeywHukKa BUPYCHOH UYaCTHIbI, OOMalaloT pesKo oud 
YeCHHBIMA KOHTYpaMu; JWIMHHadA TeHb, OTOpacbiIBaeMad MMH, CHHMaeT TIpex 
JIOxKeHHe, YTO OHH ABJIAIOTCA Cpe3aHHbIMH rop6ylIKaMM Ooulee KPyNHBIX W 
cTuy (puc. 1 u 2, 1). Tembua, no QuamMerpy paBHble MonmepeyHuKy MasouK 
BUHOM YaCTHIUbI WIM MpeBblilaoulwe ero, HMeIOT Oosee MATKHE OUePTAaHHA 
co3aioT BMevaTleHHe, YTO HX WeHTPpadbHadt uwacTbh OOBOAKUBaeTCA KaKMM- 
BeLeCTBOM (2). Hapsayy c OKPYIvIbIMM WIM CerKa OBaJIbHBIMH TeJIbILaMM BCTP 
YaIOTCA YaCTHIIbI, HMeroulMe (opmy 00a (3), T. e. c ryOokol BLIEMKOL C OLHE 
CTOPOHBI. . 
Takoro poja 3epHHCTOCTh OGHapyxXMBaeTCA MO BCeli MepucTeMaTHueCK 
30He JIMCTA, IPHOAMSUTebHO O NOJOBMHI ero BeMUHHI. Ho 6plBaioT KeTK 
JIMINCHHbIE 3€PHUCTOCTH, MO-BUHMOMY He MHULMpOBaHHbIe. Cryuasocb Ha’ 
JOMaTb, Kak Tedibila OKPYyrvible UH OOOOBMAHOH COpMb! OTJeMAIOTCA OT TIPOT 
mia3smbl (puc. 1, A, J u puc. 2,6); Takue KapTHHH! OblM HaMM ONMCaHHI | 
B KJleTKaX OouIbHOrO TaOaka (°). Tellepb CTaHOBHTCA ACHBIM, UTO Te KIIeETKU Hi 
XOJMJIMCb Ha paHHeH cTaqun uHdeKUMH. . F 
Caenytonel 0 CilO%xKHOCTH (OpMOH ABAAIOTCH OUCKBUTOOOPasHble Teil 
C HepeTAKKOH, COCTOAMIMe H3 J[BYX CJlerKa CIVJIOMeCHHBIX B Momepeunom Hi 
MpaBeHUM SepHbIMeK, Kak Obl 3aKJIOUCHHBIX B OOMMH yTaap (4). 
J[asIbHeHWIMM pasBUTHeM BUpyca ABJIAIOTCA KOPOTKHe WemouKH U3 Tpex 
yeTbIPeXx HM Ooslee EAMHUL (5). ITH CTPYKTYPbI BCTPeUalOTCA TOJIbKO B OUeHB Orpé 
HHYeHHOM 30He JMCTa, 3aHUMalolleh He Gomee OHO ecaTOl Bce ero npoT 
*KeHHOCTH. B stot xe OrpaHwyeHHO 30He HAXOMATCH WH KeTKH, BKIOUAIONL 
oOpasoBaHuaA BeCbMa TIpwuysMBol dopmpt. Ilo-BuyqumMomy, 3fecb JMHeliHn 
HapacTaHve YacTUll HapylilaeTcaA HM UeT HECKOJIbKO XaOTHUHO, CO3laBad COX 
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JAH, +. 118, Ne2 Cmupnosa 


File ay SBS Te BS I 


SAI = Sn a a — so 


Hble (Urypbl, YaCTO U3rHOarloulMecA NOL TYNLIM HIM UpAMbiIM yrviom. B sTHx 
(burypax JIerkO yrajbipalorcad COCTAaBJIAIOUNIMe UX OKPyrsible suieMeHTHI (6). 
MoxkHO Take IpeQMOO%KUTb, YTO STH CTPYKTYPbl Cosfaiorca MyTeM HaJO- 
KeEHUA [pyr Ha pyra KOpOTKHX Wemouek, OHaKO COrHyTble NOM yruiom (burypyl 
yacTO OTUeTJIMBO BHJHbI Kak eMHoe Weuloe (7). pexctapaerca BeposTHEIM, 
470 B JlaIbHeHMIIeM WeMOUKM Ha MecTe cruOa paspbiBaloTCA, HW KarKad OTMesb- 
Ha UaCTb 3aBepllaeT CBOe JMHeEMHOe PopMupoBaHue. HapactaHue MaCCHI OTeJIb- 
HbIX MasloueK Yale HeTC OAHOrO KOHUA. I lpoTHBONONOKHDIM KOHEL, OCTABAACb 
8aKPYIJICHHbIM, HaYMHaeT YTPayMBaTb 3ePpHUCTYIO CTPYKTYPy; 9TO xXOpoLo 
BUAHO, eCJIM “aCTHIa JexKUT CBOOOAHO, KpaHHHM CBOMM WIeHHKOM COmpuKa- 
CaaCb C MMTaTebHbIM cyOcTpatom (puc. 1,A,// uw pune. 2, 6’). MoxuHo orme- 
THTb MHOTO YaCTHI, OJMH KOHEIL KOTOPbIX He OOHAPyXMBaeT BePHUCTOCTH UH 
OeT Kak Obl 'B CIMSHCTEIK PyTAAp, APyro 2e KOHEL, COXpaHsAeT YeTKOBUAH YI 
crpyktypy (8). 

Bce dopMbl, OMMCaHHble BbIIe, IpeACTABJIAIOTCH BECbMa HEXKHBIMH 9J1aCTHU- 

HBIMM OOpasOBaHHAMH; OHM JlerKO MepenseTaroTca Mexy co6o1w, oOpasyioT 
TleTsIM; KOHTYPbl UX MAPKHe, OKPyruple. 
_ Jiwnelinoe HapacTaHuve YacTH 3a CueT OTJCJIbHbIX 3JIEMCHTOB MO2XKeT HATH 
JOcTaTOUHO JasleKO, CO3faBaad (OpMbl, 3HaYMTeNbHO MpeBOcxoAAuHe AIMHY 
o6brinolt nmaloukw BTM (9). Taxue crpyKTypbI valle HaGsOJaloTcaA B ycTbIXx 
CKOMNJICHHAX BHPYCHbIX Macc. 

Ilo Mepe «co3peBaHHA» MaJIOUKOBMAHOM uacTHIbl OOBOJaKUBalOLee ee Be- 
MleCTBO Kak Obl YIJIOTHACTCA, OVEPTAHHA CTAHOBATCA Gosee ONpeeJICHHbIMH, MAT- 
KMe U3rHObl UCuesaIOT, 3CEPHUCTOCTL cruiaxKuBaetca. J IMHHbIe YaCTHILbI, MO-BUIM- 
MOMY, PA3PbIBAaIOTCA Ha OTJCJIbHbIC KYCKM, COOTBETCTBYIOINIHe BeIHYMHE OObIU- 
HOH MasIOUKOBHAHOH uacTuubl. B Oouee 3pebIX KleTKaX MOJIOJO0rO WHCTa Ma- 
JIOUKOBHAHbIC YaCTHIbI HMeIOT BH, CXOJHbIM C BbIJeAeMbIMH B coke (JO). 
Jina cpaBHeHHa NpuBeseHbl pHCyHKH NalOuUKOBHAHEIX yacTH BTM us coxa 
OONbHBIX B3POCJIbIX JIMCTbeB ToMaTa (puc. 1, £). 

OcoOeHHOCThIO MaJOUKOBHAHbIX YaCTHI, HaXOMAULMXCA BHYTPH KJIeTKH, 
ABIAIOTCA 3aKPYIJIeHHble KOHUbI. [lanouKoBUAHble YaCTHIbI M3 9KCTPakTa Oosib- 
HbIX PaCTeHHH NOUTH BCerfa MMeIOT MPAMOYrOJIbHy!IO dopmy. 

Analu3upyaA NOJy4eHHbIe LaHHble MOXKHO MpeANONOKUTL, YTO BUpycHan 
WHDeKIMA MPOHHKaeT B BePXHHe yuaCTKH NOUKH V3 HM KeNeKalllMxX TKaHeH. 
BopotamMu vWHdeKUHH ABJIAIOTCA, BHJMMO, MJIa3MOJeCMbl, BO3MOXKHO NOTOMY 
MepucTeMa TOYeK pocTta, re elle HeT Wa3MofecM, cBoOoqHa OT BUpyca. Or- 
cyTCTBHe BUpyca B TOUKAaX pocTa ObluIO NOKa3aHoO TakxKe JIuMacceTom u,KopHye- 
mem (*) “4 Xompmcom (8). 

Tlepppim BHeIUHHM IpH3HaKOM 3apaxKeHHA KJICTKH cary2Kur MlOABJICHHE 
B Hel 3epHucTocTH. OmHako 3apa3HTb 30poBble pacTreHua SsTOH dpaKkuuel, 
TO CJIYXKHJO Obl IPAMbIM JOKa3aTeJIbCTBOM €€ BUPYCHOM MpHpospl, He yaercs; 

MO0-BHJMMOMY Me@JIKHe YaCTHIbI, OyyYH HHPeKUMOHHLIMU JIA COCeAHUX KuJIe- 
OK pacTeHHA, TePAIOT 3TO CBOMCTBO MPH H3BJIeEUeHHH UX M3 KeTOK pacTe- 
ua-xo3auHa. Bce %e NpuBeeHHbI Ha prc. | nocseoBaTebHbIM pA MOpo- 
OrH4eCKHX H3MeHEHHU OT ciepuuecKkOrO TeJbila NO HOPMaJIbHOU MaoUKO- 
HAHOM YaCTHI[bI KaxkeTCA HAM JOCTATOUHO YOeNNTeEIbHbIM [WIA pHusHaHHa 
9TUX TeJlell 3ICMeHTaMH BUpyca. 

Ccbepnueckne TeJbila, HIM 3e€PHHCTOCTb, ABJIAIOTCA, NO HallieMy MHeHHIO, 
e€MH «uaiOouKaMM», HIM «MCKaMH», KOTOPble ONMCaHbl BO MHOruxX paboTax 
Kak 9JICEMeHTHI, COCTABJIAIOMIMe NaOUKOBHAHY!10 uactuiy (*,° 14), 4M Kak CTPYK- 
Ypbl, Ha KOTOpble OHA paciiajlaeTca. 

Mb ocTeperasucb yHOTpeGJATb STH TEPMHHbI MOTOMY, 4TO Ha HalMX 9dJ1eK- 
poHorpamMax He CMOrJIH Obl WOKa3aTb HX XapakTepHylo dopMmy ¢ WeHTpaJb- 
bIM OTBepcTHeM. B oueHb peKUX CLyYaAX yaBaslOcb pacCMOTPeTb NoxoxwuNe 
TPYKTYPbI, HO doTorpaduyeckne M300paxKeHHA OKasaIHCcb He HaCTOJIbKO 
€TKMMH, 4TO Obl MOXKHO ObINO HX JCMOHCTPHPOBATD. 

Bupyc B (opMe MeJIKUX Tevlel, CylleCTBYeT B KJleTKe, NO-BHAMMOMY, JWIH- 
@JIbHOe BPeMA, TAK KAK OKKYMHPOBaHHaA HM 30HA B MOJIONOM JIMCTe JOCTaTOUHO 
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BeluKa. Ccpepwueckue Teblla HaXOAATCA H B KJleTKaX CO CCOpMHPOBAaBLIMMHC | 
BUPYCHbIMH YaCTHWaMH, Pe KOJMYeCTBO MOCeqHHX He UPe3MePHO BeJIAKC 
B kKJlerKax, JaBHO 3a00J1eBIUMX, 3aMOJIHCHHBIX NaJIOUKOBHIHBIMM YaCTHIaM } 
WIM COjepxKalluX KpyMHble KPHCTaJJIbl,— Kak MpaBHJIO 3EPHACTOCTH H) 
OpIBaeT. | 

Hanpauimpaetca npemomoxwKeHve, YTO BHPyCHble 9/IeMeHTbI B CopMe We} 
puKa MpelcTaBAIOT CTaAMIO pellpokyKUMM B pasBHTHH BUpyca TadayHOK MC| 


3auKH. 


CTpOHTb iBe THMOTesbI STOFO Mporecca. 

I. VucbexuHouHad yacTHlla, NomaB B 3ROpOBylO KJIeTKY, MeHAeT MpOlech 
MeTaOO/IH3Ma B Hell TAKUM OOPa30M, UTO BCA TWla3Ma pasOuBaeTCA Ha OTAeIES 
Hble rpaHyJibl — 3epHa. SaTeM, BO3MO%KHO, BCJIeqCTBHe (PH3HKO-XHMHUECKH ff 
IIPHUHH, ITH 3ePHa OPHEHTHPYIOTCA B ONpeeJIeHHOM MopsAKe, CTPOA MaslOUKC 
BUJIHbIe YaCTHILB. | 

II. WapopugHoe unteKUMOHHOe Tebile, NoMaB B OarOnpuATHYy!IO cpedit 
OOHTAHHA, HaYHHaeT BOCMPOH3BOMNTh CeOe MOMOOHIe Tebia H3 %2/eMeHTO! 
KJleTKH Xo3aAuHa. Ha Gomee panHelt CTaqHH STH Tebila CBOOOAHO OTXOAAT [pyle 
OT [pyra, co3qaBad HOBble MHKpoouaru HHeKUHH. Ha STO CTaMM MbI BUAM A) 
MeJIKHe, YeTKO BbIPaxKeHHble 3epHa. GaTeM 3TH TeJIbIla OOBOMAKMBAIOTCA Kel 
KHM-TO BelI[eCTBOM, BO3MOXKHO IIPOTeHHOM, UH OOpa3zyroT Ooslee KPyNHble YacTHLy 
C MATKUMH, CJlerKa Ppa3MbITBIMH OFepTAaHHAMH. OTH TeJblla BOCHPOU3BOAAT CeCH 
MOMOOHBIX yKe BHYTPH «YexXJIMKa»; NoyyawTca *urypb!l OOOOBHAHBIe, OUCKBIM 
TOOOpa3Hble, «TPOHHAWIKH» UT. OZ. B JatbHetwiem copMupoBaHHve BUpycHo}: 
YaCTHIbl HeT Tak, KaK OMMCaHO BBlille. ; 

He uckK10uaa BO3MOXKHOCTH TOcTpoeHHA BUpyca MO NepBolH cxeme, Hay. 
mpelcraBaetca Oojlee BEPpOATHBIM BTOPOH BapHaHT. B ero nomb3y ToBOpsA{e 
KapTHHbl, BCTpevaBIlMecA HaM Mp 9TOM HCCeOBaHHU UH pH GOowlee paHHHuy 
HaOmoeHuax (°), KOPa OT TOMOreHHOM MACCbI MW1a3MbI OTXOAMIH HE TOJIbK ir 
ccbepvueckue TeJIblla, HO H OTJeJIbHbIe MOycopMHpoBaHHble MaslouKH. CE 
JOBATeIbHO, OOJIbINOe HAKOMIeCHHe 3€PHHCTOCTH He ABJIAeTCH OOA3aTCIbHBI 
JIA OJHOBpeMeHHOrO Mepexoja ee B MaJIOUKOBHHbIe (OpMbl. | 

Ilpouece dopmMupoBaHuA NaJIOUKOBHAHBIX YaCTHIL MpPOXOAHT MOBOJIbHIT 
ObicTpo. OO STOM CBHJeTeJIbCTBYeT CPaBHHTeIbHO HeOOJbUlad 30Ha MCTa, Pol 
KJIETKH C MepeXOLHbIMA POpMaMM HaxOAATCA B OObUIOM KOHUeCTBe. TaKkuik 
KJIETKH MOLYT BCTPeTHTbCA, KOHeEYHO, H B BepXHelH uacTH MOJIOMOrO sMCcTa, B 
B KJI€TKAX B3POCJIbIX JIMCTbeB, HO 3TO TOBOPHT JIMLUIb O TOM, 4YTO Mpotecc HHH 
IIMpOBaHHA pacTeHHA HeT HepaBHOMePHO, H JaleKO He BCe KJIETKH, are B3pce 
Coro OOIbHOrTO pacTeHHA, ObIBaIOT 3apa>KeHBI. 


cTayquu Mepexofa OT WlapHka K NalO“UKOBUAHOH uacTuLe. 

Haile mpeycraBjlenue 0 dopMupoBaHHu uactul BTM B ocHOBHOM cxomH{t 
co cxeMoH, JaHHou Beprovtbyom (2”) Wiad noma aqpN4uecKUX BUPyCOB HaCeKOMBIX|. 
Wapuk — cBoOo,qHOe pa3sMHOxKeHve — pa3sBHTHe B NMalouKY — WapHK. 
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Jloxxann AKkaxemuu nayr CCCP 
1958. Tom 118, Ne 2 


PH3HOJIOTHA PACTEHHH 


E. A. ABJIOHCKHH 


PAHEBbIE PEAKUHH HU COCTOAHHE MOKOH KJIYBHEM 
KAPTO®EJIA 


(I1pedcmaeaeno axademuxom A. JI. Kypcanoerim 23 VIII 1957) 


H3BecTHo, 4TO Mpeynocafounad peska, a Take yasleHve y kKuyOHeli 
kapTodesixt Kox*ypbl OOecreyMBaIOT UX Myuee mpopacranne (1%). Kpome Ha- 
)yYIIeEHHA MepHOsa MOKOA, MexaHHyecKoe MOBpexkWeHHe TKaHeH KJYOHA BbISbI- 
paeT SHAUMTEJIbHbIC HSMCHCHHA B HHTCHCHBHOCTH (pPH3MOIOrHYeCKUX H OHOXH- 
ymueckux mpoteccosp (* °). B cBa3H C 9STHM UHTepecHO ObIIO BbIACHUTD, 
HACKOJIbKO 3TH [Ba ABJICHHA CBASAHbI MexKLy codon. 

Ilpv mocTaHOBKe OMbITOB MbIl HCXOJMJIM 3 HMeIOWMXCHA B MUTepaType jaH- 
MbIX O TOM, UTO OOMbIBAHHE NOBEPXHOCTH Cpesa BOOK OCMaGAeT paHeByr1o peak- 
WHIO KyOHeH KapTodensa (*°). Cmeno- 
BaJlO IpOBepHTb, Kak TMosOOHAaA O6- 


iIpopactauMe KsyOuelt Kaptopena mocne yfa- padoTKa BAMAeT Ha MpopacTaHue 
WICHHA C HHX KOMYPbI C OOMbIBaHHeM HU 6e3 Kly6Heh 


OOMbIBAHHA BOON (Hayao npopallMBaHus 
26 1 1956 r.) Mcxoa u3 mpescTaBleHua, 4TO 


9HeEprHA NpopacTanua KsyOHeH Noc- 
Jie yasieHHA KOXKYPbI YCuIMBaeTCA 
Heoomutie] Og tie  BCUeMCTBUE o6mero BO30yxKeHuA 
Vos pois) (pH3HONOrO-OHOXHMHYeCKUX TIpolec- 
COB, MOXKHO ObIJIO OXKULAaTb, YTO O6- 
| MBITHIe BOJOH KJYOHH OyyT mpo- 
| Yucno KnyOnew B onpite 10 10 pacTaTb XyiKe HeOOMBITBIX. OyuHa- 


Ta6uunma 1 


Be suracees KO NOJyYYeHHbIe HAM 9KCTepHMeH- 
0.5 3,0 TaJIbHbie JaHHble He MNOATBePANIN 
ON 07 i) 3TOTO TIpeNOOKeHUA. 
0,5 3,8 B onbire HaMH OblIM HCMOUb30Ba- 
13 II OF “Cs HbI KYOHUH copta Panusaa Posa, BbI- 
15 I 1,0 4,8 pallleHHble B JeTHel nocayke 1955 r. 
0 1,6 B Kppimy. Ilocse yqaneHua KOKYpbl 
47 II a — KJLYOHH OOMbIBaJIMCb BOLOM HW NoMe- 


WladHCb JIA MpOpallHBaHHA BO BMaK- 
IIpumeuaunne. Haq uyeprou — scero, HbIM MOX. KOHTPOJIbHBIMH CJLYKHVIM 
j10 uepToH —B TOM 4HC/Ie C KOpellKaMH. KJIYOHH TakxKe 6e€3 KOXKYPbI, HO He 
OOMBITbIe BOON. 

V3 aHHbix, IpHBeeHHbIX B TaOu. 1, BHAHO, 4TO MpopacTaHve KJyOHeH 
OOMBITOH PaHeBOH NMOBePXHOCTbIO MpOHCXOAHIO Tropa3sqO HHTeHCHBHee, 4eM 
KOHTPOJIbHbIX. I]poOyxyeHHe Tla3KOB y OMBITHbDIX KJyOHeH HavaslOcb He- 
CKOJIbKO paHbille, OOMbITbIE BOJOH KIIYOHH OTJIMUaIHCb OT KOHTPOJIbHbIX He 
ITOMbKO MO KOJIMYeCTBY POCTKOB, HO H M0 KayecTBY HX: y MepBbIX OHH ObLIM Kpyl- 
Hee u Ooulee NOMOBMHbI UX OOpas0BaJIH XOPOLIMe KOPeLIKH. 

Ilpu nopropeHuu onbirop B HioHe 1956 r. MbI HCHOMb3OBaIM CBexKeyOpaH- 
Hble KIYOHH JByX CopToB KapTotbeta oT BeceHHeli nocagku 1956 r. (PK-80 
u PK-114), raxxe no 10 wiryk B kKaxkKOM BapnaHTe ombita. PesylbTaTbl OKa- 
3aIMCb AaHaJIOTHUHbIMA MpekpllyulumM (cM. puc. 1). 

Alt 


Takum o6pa30M MBI MpuXOuM K . BbIBOAY, TO » OOMBIBAHHE BOOK Mh 
XAHHUeCKM MOBPeXKMeCHHbIX KJyOHeH..oOectieuNBaeT Jyullee UX Mpopep 
TaHue. ‘ 

TIpunatro cuutaTb, YTO HapylleHve MepHofa NoKosA y kJyOHeH KapTode. |) 
B pe3yJIbTaTe YlaJICHHA KOMKYPb! MPOWCXOAMT BCJeWCTBHe YCHJICHHA HHTey 
CHBHOCTH J[bIXAHHA H3-3a OOJIerueHHA MocTyNa BO3sLyxa K BHYTPeCHHMM TKaHA 
TlosToMy MbI MpeAMpHHAIM CpaBHUTeMbHOe M3y4eHHe AKTHBHOCTH JbIxXaHl 
NOBPEXIeHHBIX KIyOHell c OOMbIBaHHeM BOOM uM Oe3 OOMbIBAHHA. Tpixan | 
OMpeweAOCh Ta3OMeTPHYeCKHM MeTOJOM IIpH MOMOLLM BAJOMsMeHeHHOrO P 

; KHTHHbIM mpH6opa Opca. H) 


4 
by, 


3bIBaeT 3HAYHTEIbHbIM MODEL 
JibIxXaHuA KiyOHeH. B To aL 


(puuweHTa CHH2xKaetTca. Taku 
oOpasom, Jyullee mpopacti} 
Hue HaOsoOalocb y KJyOHelf 
OTJIHUaBLUHXCA NMOHHKCHHC! 
HMHTCHCHBHOCTHIO AbixaHua. VI. 


HHA. 

Pa3Hulla B NpopacTaHun ot) 
MBITBIX H HeEOOMBITHIX KJIyOHe| 
MOxXKeT OITh OOyCIOBeHAa Hi) 
OJMHaKOBOH TOJUMHOH nepti 
RepMbI, OOpasyroulelica B3aMe| 
Puc. 1. Ilpopacranne ky6Heli KapTocbea copta PK-80 ytpayenHon. Ilo Toputouy (74 
(A) u copra PK-114 (5). Bepxuue pager —c o6mpitoli CTeMeHb pasBHTHA paHeBol nA 


paHeBoll MOBepXHOCTbIO, HWWKHHE psAbl — c HeECOMEI- y 
TOH paHeBoll MOBepXHOCTHIO PHAEPMbI HMCeT pellarollee 3Hé 


yeHHe [VIX HapylWieHua MmoKO} 
KJIYOHeH, NOABePprHyTbIX MeXaHW4yeckomMy Bo3yelicTBHIO. Hamm aHaTomuuecky| 
ACCJICNOBAHHA UMEJIM IeJIbIO YCTaHOBUTb CTeNeHb Pa3BUTHA PaHeBOlt Mepusefl 
Mbl Y OOMBITBIX HM HeOOMbITHIX BOLO KyOuel. Tlonepeunpie cpesbi roToBy 
JIMCb BPYYHY!IO TPH MOMOMM OpHTBbI MH OKpaluMBaucb cyyaHom III, Tob: 
BbIABATb OMPOOKOBeBLIMe yuacTKH TKaHeli. Bpema MpuroTroBmeHuA MUKpOcKC 
MMYeCKUX MpenapaToB copnayaso C HayaJIOM MpopacTaHHsA OMBbITHbIX (COMB! 
TIX) KlyOHeH, TOra KaK KOHTPOJIbHEIe elle He HAYMHANM Mpopactar. =| 

Pa3JIM4NA B TOMMIMHE paneBolt NepuepMbI y OOMBITEIX HM HEOOMBITEIX Ksly¢ 
HeH OKa3aJIMCb He 3AKOHOMePHBIMH: B OAHUX CyuanxX MbI Ha6soO,anu Gone 
TONCTY!IO NepHepMy y OOMbITBIX KMyOHel, B Apyrux — y KCHTPOMBHBIX (cw 
Ta6. 3). 
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Ilostomy Maio BeposTHO, 4TOObI cTeeHb pa3BUTHA paiieBolt nepuyepMbl 
11a PelatouluM PaKTOPOM B HapyWleHuu Nepvosa MOKOA KyOuelt c yanenHoH 
mypou. [lomyueHHble HaMM pe3yJIbTaTbI OMBITOB HeEMb3A OOBACHUTb HM BAMA- 

Ta6uuma 2 


T\eixanve MexanMyecKM NMOBpexKAeCHHbIX KJIyOHel KapToena c 06- 
MbIBaHHeM HM 6e3 OOMbIBAHHA BOZOK (onbiT 20 VI 1956 r.) 


Kay6nu 6e3 Koxypbl 


A Kay6uu 

KTHBHOCTb JbIXAHHA HenoBpe~ 
een O6mpiTbIe 2K eHHEIE 

“ Copt Panuaa Posa 

Bprgemeno COs, mr/Kr-uac 42,6 28,9 Paha 

Torsomeno Og, mi/Kr-uac 26,4 23,4 A350 

UpixatTeibHp Koappulnuert - 0,82 0,63 0,85 

Coprt PK-80 

BpimeneHo COz, mr/Kr-yac 42,4 SAC) 28,3 

Tlormomexo O2, ma/kKr-4ac Zao PX) | 16,4 

pixaTe bub KosppunnexntT 0,95 0,84 0,89 


MeM aHa2poOu03a, XHMMYeCKMM HIM (bu3sH4eCKUM CTHMYJIMpOBaHHeM, TaK Kak 
JMbIBaHHe, MpoMoxKaBlleeca He Ooulee 3 MHH., MPOW3BOMMJIOCb Mo cTpyen 
CTHJIJIMpOBaHHOH BOJbI, HMeBIIeH TY *Ke Temlepatypy, yTO HU TMOMelleHHe, 
€ cCTaBHJIMCb OMDbITHI. 

Ta6uauuna 3 


TommuHa paHeBoH mepHyzepMbl y k.jyOueli 
C OOMbITOH H HeEOOMBITOH paHeBOH NOBePpXHOCTbIO 


Bapuaur onpita | Tomuuua, p 


Copt PaHusaa Posa, 4 II 1956 r. 


O6mpitsle Ks1yOHu | 133,7-+3 ,48 
Heo6mpitple , 111,0+4,10 


Copr PK—114, 25 VI 1956 r. 


O6mpiTble KyOHU | 165,5+4,16 
Heo6mpitule ,, 201 ,8-+2,90 


Hau6omee BepoxATHO OODACHEHHE, OCHOBAHHOe Ha MpelMONO*KeHHU O HaJIH- 
MM B KJIYOHe BelllecTB, 3aepKUBalollMx ero MpopacTaHuve BO BpeMA NepHosa 
okoa. UacTb 3THX BeleCTB, MO-BUMMOMY, JIerKO CMbIBaeTCA BORON, Oarowapa 
My OOMBITbIe BOLO KyYOHU MpopactTasM B HalMXx OMbITax OblcTpee HM 9Hepru4- 
ee HeOOMBITHIX. 

Hecmotps Ha TO, 4TO 06 HHrMOMTOpaX MpopacTaHuA KapTodesA UMelOTCH 
Ka3aHuad B mMTeparype (8), mpHposa 9THX BelecTB, yCOBHA UX OOpasoBaHHA 
JIM WHAKTHBaWHu B KJ YOHAX emule HeEOCTaTOUHO H3YUeHB!. 

YkpavHcKul Hay4HO-MCCeqOBaTebCKHH Toerymuato 

HHCTHTYT OBOWLeBOACTBAa 22 VIII 1957 
UHMTHPOBAHHAS JIMTEPATYPA 

1A. VU. Uenanguuosa, Joxn. BACXHWJI, 4, 15 (1944). 2% T. JI. UBpanuos- 
Kaa, Tp. Mucr. reneruku, 14 (1947), * 0.1. Kanab anos, Tp. [nemponerposck. cesb- 
03. uucr., 5, 111 (1952). * B. WM. Waaaagun, Vas. Poccuitcx. Akay. nayk (1917). 
A. JI. Ky pcauos, Buoxumug, 8, 2 (1943). &C. M. IIpokowmes, Buoxumua, 9, 
(1944). 7 N. Thornton, Contr. Boyce Thompson Inst., 10, 3, 339 (1939). * T. He m- 
erg, Physiol. Plant., 2 (1949). 
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Jloxnxagn Akagemun nwayrk CCCP 
1958. Tom 118, Ne 2 


@H3HOJIOT Hi 


tO. M. OJIEHOB 


O POJIM OTBOPA UH MPAMOFO NPHCNOCOBJIEHHA B TMOBbIMIEHK! 
PE3HCTEHTHOCTH K JENCTBHIO HHCEKTHUAAOB 


(IIpedcmaeaexo akademuxom H. H. Ilmanveaysenom 16 IV 1957) 


B kKauecTBe OObeKTa HACTOAMLerO HCCeOBAHHA Oba MCMOb30BaHa Tw 
jlopasad MywKka Drosophila melanogaster. JleicrByromluM areHtom cuyxus JT 
(qUxslOpquenusTpuxsopMetuuMmetaH). Ilpenapat cogepxam 70,5—72,9% 
mapa-u3z0mepa 4,4’ u 19,0—20,9% napa-vsomepa 2,4’. ; 

B asrycre 1955 r. B10 xmor cr. Mapuua (BewukosykcKaa OO0.), re HE 
KOra He NPHMeHAJIMCb HHCEKTHUMAbI, ObIO BbIJIOBIEHO Ha PpPyKTOBOH Mp} 
MaHKe H€CKOJIbKO JleCHTKOB MYX H MOCTaBJIeHO 20 HHAHBUAYAJIbHbIX KYJIbTYP |f\ 
B flasbHelineH padore Obl HCHOb30BaHbI 9TH 20 JHHHH. ; 

Pa6oTa Belacb B KOMHaTe-TepMoctaTe Mp Temnepatype 25 + 0,1°. Pener 
MMTaTeJIbHOH Cpefbl: Boga 150 cm’, arap 3 r, Apowxu 30 r, caxap 10 r, Ma 
Had Kpyna 10 r. OcHOBHbIe KYJIbTYPbI BeJIHCb HW OMNbITLI CTABMJIMCh B MJIOCKE 
JIOHHBIX TpoOupkax uaMeTpom 3,8 cM H BBIcoTOH 10 cm. . 

Ilpu Bo3yehcrBuu Ha sMuMHOK JLT qo6apaasica kK cpeye, B KOTOPOH UL) 
pasputue. Jlo3a coctaBasa 20,0 y Ha 1 cm?. Sta fo3a, Kak ObIIO BbIACHEeH) 
He BbI3bIBaeT THOM JIMYHHOK, HO OM3Ka K NOporoBok (npu 50,0 y ru6n0 , 
50% JHUHHOK). 

IIpu Bo3yevicTBHM Ha HMaro B IpOOMPKy BCTaBJAJICA KycoueK (PHIbTpOBad} 
HOH OymMaru pa3Mepom 6,5 2,0 cm?, cmMoueHHBIH pacTBopom JLJIT B auerone} 
BBICYIeCHHbIM Mocse sTtoro. Ha AHO mpoOupkKu cioemM 4—5 MM HaJMBasal 
cpeya culeqyroulero cocraBa: Boya 100 cm, arap 5,33 r, caxap 8 r, aBsaIoMlaAi 
XOpomeH MMUeH LIA uMaro. OrcyTcTBHe B 3TOH Cpee aSOTHCTHIX COeTHHEHID 
3aTPYMHAeCT PasBUTHe MHKPOWJOPbl UH UCKJIIOUaeT HEOOXONMMOCTb 3aceBa Till 
BePXHOCTH pox «Kamu. BuarofapaA STOMY HM OOJIbLIOH NIOTHOCTH Cpedbl, MY 
BO BPeMA CyOpOr, BbISBAaHHBIX BOsJelicTBHeM JLJIT, He BASHYT Ha ee MoBepit 
HOcTH. Cpok mpeObipaHHaA Myx (oOpluHO 15 SY u 15 ¢C B Bospacre 1—2 pHi 
B mpoOupKe c JIJIT Oni paBen 24 yac., noce uero OHM MepecaxkUBaJCh B CEI 
*%KHe MpOOMPKH, a pesy/bTaT OMbITa PerucTpHpoBasicA elle uepes CyTKh 
Boubuiad WJIMTeIbHOCTh BO3eHCTBUA H HaHeceHHe JIJIT muuib Ha uacTb Th 
MOBePXHOCTeH, C KOTOPbIMH KOHTaKTMPOBaJIM HaCeKOMBIe, NpHOTMKaIH OMI) 
K YCJIOBHSM TIPpOH3BOXCTBeHHOrO TIPHMeHeHHA WHCeKTHIMLOB (mpH moszcuel 
CpeqHero KOJIHYeCTBA Ala Ha e(MHUMY NOMA YUMTbIBaNacb BCA COBOKY\ 
HOCTb MOBepXHOCTeH BHYTPpH mpoOupKH). i 

Hsmenenusx uncnennoctu D. melanogaster B mpupofe 3aBucaT riaBHB) 
06pasom OT BbIxKHBaeMOCTH CaMOK. IlosTOMy pH CpaBHeEHHH YYBCTBUTeIbHOC} 
PasHbIX JIMHUM Mbl MCXOMMIM M3 JaHHbIX, OTHOCAILMXCA K CaMKaM. STH JaHHtt 
K TOMY 2Ke Ooslee OAHOpOAHHI. B F, Myx, BbIOBJIeEHHBIX B IpHpore, B20 mHHMSI 
HM bia mpoBepena ycroliuupocth 247 camox. M13 Hux np nose 2,0 y na Ic} 
BbOKHIO 46, T. e. 18,64- 2,5%. B oqHOBpemMeHHO TocTaBsIeHHOM onbite c a6} 
PaTOPHOH 4YYBCTBUTeMbHOK MMHHeH BbOKHIO 102 camKu u3 630, T.e. 16,2-+1 59 
Takum oOpasom, nonyaanua HM mano ormmuaetca or na6opaTopHoli uyBcrs} 
TeIbHOH smHHuH JII. 
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O BOSMOXHOCTH NOBHMeCHHA pesucTeHTHOCTH 
be3 yuactTuxA oT6opa. B Fe noromcrso myx F,, we yuacrBopaBlHx 
OlbITe, ObIIO B KaxKTOM MHA paswedeHo Ha Be cyOunHuH. M3 Kaxzoli TaKolt 
apbl OJHa CyOJIMHUA Beach 3 NOKOJEHHA B NOKOJeHHe Ha cpege c 20 y JLT 
a 1 cm’ cpeybl, [pyrasa cya KOHTposem. Ho Tak Kak MyXaM, pasBUBIIMMCA 
a OTPaBJIeHHOH cpefle, CBOHCTBeHHa MOHW2KeHHAA COMPOTHBJIAeMOCTb, TO B 
KAXKIOM NOKOJIEHHM W3 BbIIeTa Ha cpefe c JIT crapusucb kyJbTypbl Ha HOp- 
ayIbHOH cpefe (3° 2 u 3d Ha mpoOupky, Kak MB KOHTPOJbHbIX KYJIbTYpax), 

HCCJleMOBallaCb YYBCTBUTEIbHOCTb MYX, Pa3BHBIWHXCA B 9THX KYJIbTYpax. 
aKUM OOPasoM, Kaxk[bIit pas CpaBHMBaJIMCb C COOTBETCTBYIONIMM KOHTPOJIeM He 
CaM OCOOM, pasBMBaBIuNecs B CTakaHunKax c JLJIT, a ux HenocpeycTBeHHOe 0- 
omcTso. Jilin F2—F, nponspoquiacb TObKO BbIGOpOuHad MpoBepKa uacTH Cy6- 
JIMHMM, CHCTeMaTHYeCKad 2Ke MpOBepKa Obiia Hayata Cc Fs. 

Oxa3aslocb, YTO MYXH, pa3BHBaBllIMeca Ha cpegze c JIT w revenue 30—34 
MOKOJICHHH, HMCKOJIbKO HE NOBbICHJIH CBOIO pe3HcTeHTHOcTS (Tabu. 1). PaKru- 
yecKH HaOOjjaeTcaA flaxke HeEKOTOPOe CHM 2KeHHe Pe3HCTEHTHOCTH, BePOATHO 
MpelcTaBsAroulee CoOol culesqcTBHe Ma6opaTOpHbIx ycOBHH cosepxKaHua (B 
KOHTPOJIbHbIX CYOJIMHHAX OTMeYeHO aHaJlIOrMyHoe CHMKeHHe)*. 


TaOmuna 1 


Pe3y JIbTaTbI BO3eHcTBHA MaJIbIMH JO3AaMH B pAMe MOCJeCTOBAaATeJIBHbIX MOKOJICHHH 


M3 HHX BbIoKHJIO V3 HHX BbDKHJO 
P Uncno ca- Uncso ca- 
TlokonenHe| MOK B OMBI- TlokoneHHe} Mok B OnbI- 
Te YHCIIO o Te WHCVJIO % 
Pp 309 85 tes ne 138 12 Slated ds 
F, 96 10 10,4+3,1 Eve 146 4 PE 2 
F, 105 13 12,443 ,2 Fiy 130 13 10,0+2,6 
hes 148 12 8,142,2 ies 210 24 10055204 
Fs 457, 47 10,8-2,5 or 195 4 DA ARO 
Ee 240 22 9,2--4,8 Foo 165 3 isi 
Fas 202 25 13 A) 3 Eee 135 3 OED 
Fis 232 4 4,7-40,9 ere 153 10 6 2262,0 
Fis 210 eZ; 6,7+1,8 


Mobi mpoBepuJIM TaK2xKe UYBCTBUTEJIbHOCTH JIMUMHOK CYOJIMHHM, B TeYeCHHEe MHO- 
TUX MOKOJICHHH Pa3BUBaBIUMXCA Ha OTPaBJICHHOH cpejle, H JIMUMHOK MapHblX HM 
KOHTPOJIbHbIX CYOJIMHHH. Wa, B cpeqHeM oKouI0 100 Ha poOupky, MomellaJIucb 
Ha cpeny c 200,0 y JLT ua | cm’. Beero B onbite OblIO H3y4eHO 2585 AMI MB KOHT- 
pone 2189. M3 Hux B onbire JocTurso MMarnHasbHou ctaquu 17,0 + 3,0% B 
KouTpoue 14,6 + 3,1%. Diff.= 2,4 + 4,3%. Takum o6pa30mM juuTebHOe NO- 
BTOPHOe BO3eHCcTBHEe MabIx 03 JLT B page nokoJeHHH pH NpHMeHeHHH MeTO- 
JUKM, UCKIOUAaIOMLeH JelcTBHe OTOOPa, He MOBbICHJIO YCTOHMYMBOCTH HACeCKOMBIX 
K STOMY areHTy. STOT pe3yJIbTaT HY2KHO CONOCTABHUTb C JAaHHBIMH, OJHOBPeMeHHO 
TOJIYYeHHBIMH Ha Nonyaswuu M zpyrum MeTojom. . 

Or POsMooKHOCTH TOR IeH wa “PesneTren THoOCc TH 
mes BOGIGCHCTB USA Ata Ha’~0¢06€ nH," xB 10 Il Ux'c'A 
MaTepHanoM aa OTOOPa. Cxema OMbita 3aksmo4alach B CieLy10- 
ulem. Bpiia BbIOpaHa HanGoulee pesucTeHTHad H3 20 unui Vu saTem nocTaBseHbI 
MHIUBUYaJIbHble KYJIBTYPbl MYX 9TOH JIMHHH, He YUaCTBOBaBLIAX B OMbITe MO 
ONpeseeHuIO UYBCTBHTeIbHOCTH, H OTOOpaHa HaHnOoslee ycToHunBan CyOMHUA. 
OTOT Ke MpHeM NOBTOPAJICA BO BCeX CJIEAYIOMMX MOKOJICHHAX, T. €. KPHTepHeM 
oT6opa calyxKUIM OCOOeHHOCTH CecTep .H OpaTbeB pas3MHO*KaeMbIX HHIMBUAYYMOB, 
a CaMH 3TH HHAMBUAYYMbI HH B OJHOM MOKOJICHHM He KOHTaKTHpOBaJIH C ALT. 


* O macuita6ax 9TOrO CHHXKEHHA MO2XKHO CYAUTb MO TOMY, YTO B OAHOM H3 ONBITOB Mp ose 
1,07 Ha 1 cw? BepKuso 90 camok u3 255, T. e. IIpHMepHO TaKOH we CpeHUH NMpoWeHT, KaKou 
HaOloqascaA BHauase y WHHMHM Nonynaayun M npn gose 2,0 y. 
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B F2 MyX, BbIIOBJICHHBIX B Ipupoge, B 20 .HHuAX 1 Bcero BbDKUO Np 03 | 
2,0 y wa 1 cm? 85 camox u3 309, T. e. 27,5 + 2,5%. MakcuMaJbHor Oblia CTONI 
KocTb cy6uuHHu VM 11 (BepKuno 14 u3 15), MaHuMambHOM —- 120 (0 us 15). Iif 
CIeLYIOWLEM MOKOJeHHM pH Wose 4,0 Y MaKCHMaJIbHad Pe3HCTeHTHOCTh Oblsa jf 
cy6mnunu VM 11-3 (5 camok u3 13), MHHHMasIbHad paBHAacb Hy u3 15, mpifl 
cyMMapHol xapakrepucTuke 20 u3 119. B camemyrolleM NOKOJIeHHM MbI He COU} 
BO3MO2XKHBIM MOBbICHTb JO3sy HB cyOmuHuH M 11-3 MaKcHMaJIbHy10 BbIxKHBaeMOCT)} 
qaia Kyabrypa VM 11-36 (8 camox u3 10 mpv MuHMMaJJbHOM wudpe 0 us 13) 
cymMapHoit 49 us 162). B copokynHOCTH HHJMBHYyaJIbHbIxX MOTOMCTB CyOMHHI 
V1 11-36 npu pose 8,0y BbnKuso 23 camKu u3 42, MakcumyM (y cyOmmHun 1-11-3616 
6p 8 u3 9, MuHuMym 3 u3 10. B caemyronlem MoKouJeHuH B cyOuuHHH 11-36) 
mpu Jose 16,0 y oka3aocb CyMMapHo 63 BbeKMBIUMX CaMKH 43 131; MakKCHMyM OBL. 
oTmeyeH B cyOMHuN V1 11-3612 (11 u3 71), MaHumym cocraBaal O u3 14. t 

Ha 93ToM 2Tale paOorbl Mbl BCTpeTHM CepbesHoe MpenaATCTBHe — po} 
rpeccupyloilee CHMKeHHe IWIOJOBUTOCTH, BbISBaHHOe YKeCTKMM MHOPHMHTOM y) 
[Ipuuiocb CHauadla YMeHbIIMTb KOJIMYeCTBO MYX, HCHOJIb3YeMbIX JIA MpOBepKif 
Ppe3HCTeHTHOCTH, a 3aTeM HM OTKA3aTbCA OT MOCTAHOBKH HHJMBUAYaJIbHbIX KYJIbIh 
Typ. Ho ocHoBHOu IPMHILHN MbI COXpaHHJIM: U3yuaA PasesJIbHO Pe3HCTeHTHOCTI} 
BbIeTa KaKMOH MAaCCOBOH KYJIbTYPbI, Mbl HCHOIb30BaIH WIA allbHenWerd 
pa3sMHOKeHUA WM OTOOPa TOMbKO He UCMBITABIIMX BOSeHCTBUA MyX U3 Tel 
KYJIbTYP, KOTOPble MOKa3aJIH HaHOOJIbUIyIO YCTOMUMBOCTD. i 

3a 12 nokojleHHH 3THM TyTeM yf{aslOCb MNOBBICHTb Pe3HCTeCHTHOCTH elle 
B 16 pa3 — fo ypoBHa, Kora cBbIIe 50% caMOK BbIKMBaeT MPH Mose 256,0 *) 
Ha 1 cm’. B jasbHelilem, IPHMeHAA NoMlepxuBaloulul OTGOp (Mo-mpexHeMy) 
6e3 KoHTakTa c JIT), mpl coxpaHusiu 9TOT ypoBeHb. Hampumep, B MocjeqHu) 
OMblTax pH ose 256,0 y BenKuso 69 camok u3 109 u 45 camoxk u3 66. Taxus 
o6pa3om, 3a 11 nokomeHHH OTOOPa pe3HCTEHTHOCTh, NO CpaBHeHHI0 C MCXOJHBIM! 
yPpOBHeM, XapakTepH30BaBlIMM Nonyaauuio M, noBpicuacb Gostee em B 100 pasy 

Kak y2Ke YKa3bIBalOCb, Pe€3HCTeEHTHOCTbh KOHTPOJIbHBIX cyOmHHuH VW, aBe 
JABLUMXCA KOHTPOJIeM HM [JIA JaHHOFO OMbITa, 3a TOT Ke CPOK Wake HECKOJbKC 
MOHH3Hacb. CylecTBeHHO, 4TO, B YaCTHOCTH, HM KOHTPOJbHaA cCyOMMHUS 
VU 11, Bequiaaca HapsaAy c OCTa/IbHbIMM KOHTPOJIbHBIMM CYOJIMHMAMH Ha cpele 
6e3 JLT, u He noyBepraBulaica OTOOpy Ha NOBBIIMeHHe YCTOMUMBOCTH, a TAKE! 
cy6munua VM 11, B TeveHve MHOrHX NOKOJeHHM MCMBITHIBaBUIaA BO3elCTBUEE 
MaJIbIX J03, He MOBbICHJIM 3a 9TO BPeMA CBOIO pe3HCTeHTHOCTb. B nocseqHHX) 
OlblTax, 1p 4o3e 2,0 y y KOHTpobHOH AMHHU V1 11 BHMKunO 76 camoK u3 166) 
a y cyOnunnu VM 11, ucneirpBaBiuieli B TeyeHue 32 noKOMeHuHM MOAMOpOroBBle! 
BO3eHCTBUA,— 9 camoK u3 120. CneqoBaTesIbHO, He MOWIeKNT COMHeCHHW. 
4TO Pe3KOe NMOBBIMIeHHe COMPOTHBJIAeMOCTH MO OTHOWeHHIO K JUJIT B aHHoM 
OMbITe ABACTCA pe3ybTaTOM OTOOpa. | 

Mrak, mpwMenus B paOoTe Ha OJHOM HM TOM Ke MaTepHase nonyaanuu U,| 
paHee He HCHBITHIBaBIeH BosqelicTBuA JIT, 4Ba pasmM4HbIX MeTOJa, MbI MOJy- 
WHIM pasHble pesyibTaTHl. IlepsBpi u3 sTHX MeTOLOB — Bo3zelicTBve B pxe| 
MOKOJeCHHH MONOPOrOBLIMH O3aMH, He BbI3bIBABUIMMH CMepPTHOCTH, He Jaw 
NOBBIINeHHA pe3sHCTeHTHOCTH. Bropo MeToy — cemeKIHa MocpemcTBoM pa3- 
MHO2KCHHA HAC€KOMBIX, HM B OJHOM NOKOJICHHM He KOHTaKTMpoBaBlux c JIT, 
TIPHBeJ K NOBbIMIeHHIO Pe3HCTeHTHOCTH Oovlee 4em B 100 pas. BnomHe o4eBuHO, 
4YTO STO pa3JIH4He JeMOHCTPUpyeT BarxkHely!o pob oTOOpa B NMOBBILeHHH 
CTOHKOCTH HaCeKOMBIX K JleHiCTBHIO Ala H HeNpHrogquHocTh Teopuu MpsAamoro, 
IpHCnHOcoOeHUA A OObACHEHMA Pe3HCTeHTHOCTH MPHPOAHEIX Nonynanuit. 


JlenuurpaycKuli rocyqapcrseHHblli yHuBepcuTerT Hocrynusto 
um. A. A. )KqaHopa 16 IV 1957 
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